
THS8 REPORT HAS BEEN DELIMITED 

AND CLEARED FOR PUBLIC RELEASE 

UNDER 000 DIRECTIVE 5200,20 AND 

NO RESTRICTIONS ARE IMPOSED UPON 

ITS USE AND DISCLOSURE, 

DISTRIBUTION STATEMENT A 

APPROVED FOR PUBLIC RELlASrj 

DISTRIBUTION UNLIMITED, 



Sprvines TenhniMil Infnrmatinn Uorpnny rmpfi .\Prvi 
I IIIUU   Wl   I IUUV •  <t* f •••••«#%• •   v •• • *#• mi w % 9 WII • IKUIIU 

aecause 01 our limited supply, you are requested to return tnis copy WH£N IT HAS SttKVUlD 
YOUP PUP POSE! so ^s* it lazy \y? inside available to otlii?T' j**y,uoc*orc!    ^our cOP*

1
?r°^io" 

wiii be appreciated. 

NOTICE:   WHEN GOVERNMENT OR OTHER DRAWINGS, -SPECIFICATIONS OR OTHER DATA 
Ail USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED 
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS 
NO ]!ESPON?IB!L!Tv  wf)R A^^ nm.TfJATTfW WHATSOEVER; AND THE FACT THAT THE 
GOVERNMENT MAY HAVE^FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE 
&JX DRAWINGS, SPECIFICATIONS, UK OTHER DATA Is NOr TO am KEGAKUKD JBY 
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER 
HSR SON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE, 
USE OR SELL ANY PATENTED INVENTION THAT"MAY IN ANY WAY BE RELATED THERETO. 

Reproduced    by 

UUUMtNl   5»tRVIUt  UtNItK 
KNGTT BUILDING. DAYTOii, 2, OHIO 

/\Sbll" 



M. 1 

^^^^JaADC  TECHNICAL   REPORT  «,4-62 

BUTYL INNER TUBE COMPOUND FOR AIRCRAFT TIRES 

EMMETT   B.   REINBOLD 

THE   GENERAL   TIRE  &   RUBBER   COMPANY 

JULY   1954 

WRIGHT  AIR  DEVELOPMENT CENTER 



»ADC TECHNICAL   REPORT  54-62 

BUTYL INNER TUBE COMPOUND FOR AIRCRAFT TIRES 

Emmett B.   Reinbold 

Tbe General  Tire &  Rubber Company 

July  1954 

Materials Laboratory 
Contract No.   AF 33(600)- 22796 

RDO No. 617-12 (C-K) 

Wright   Air D^Y'lopir.ist Center 
Air Research   and Development Command 

United States  Air Force 
Wright-Patterson  Air Force Base, Ohio 

Carpenter Lltho & Prtg. Co., Springfield, 0. 
gOO - 12 October 155^ 



FOREWORD 

i».«/.     - Thl8 report **? Prepared by The General Tire & Rubber Co&aaoy. under 
USAF Contract No. AF 33(600)-22796.    The contra* «». initiate* nteS-S -~J 
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engineers* 
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This report deals with the development of a butyl rubber cosspcuad with 
requisite phy«ic«l properties for fsbricstioi:. into 3aaer tubes for aircraft tires* 

» 
1 

A large number of plasticizeris of widely divergent chemical character- 
istics were evaluated, with special emphasis placed OD their low tecperaturs 
properties la butyi rubber and including the technique of using high bltxk, high 
plasticizer with a high viscosity elastci<er. The effect of zinc oxide content in 

The effect of inorj, nic acceleration and of the recently reco—ended 
processing technique of high temperature mixing was investigated. 
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the formula was determined. Carbon black* of all connerclally available types 
were cocj-ared and the effect of the various blacks on physical properties, 
including low temperature characteristics were determined. On blacks producing        i 
highest tensile values, series of tests were made to determine the loading which 
produces the aaxisun physical properties* A comparison of low temperature proper- 
ties is made of the available commercial butyl rubbers* An extensive investigation 
of an outstanding low temperature material, Sllicone, was carried out.. I 

I 
On plastlcizers which produced adequate low temperature flexibility in 

butyl rubber a study is made on volatility and migration uf the plasticizer from 
cured compound and then low temperature properties determined following migration 
treatment of cured tensile sheets. In all cases, plastlcizers which produced the      f 
target lew temperature requirements showed poor low temperature properties follow-      j 
lng migration treatment. i 
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IMTRODUCTION 

Natural rubber, the elastomer currently used in inner tubes for aircraft 
tires is transported, to this country by war! time snipping from great distances and 
in the event of international crisis, there is a possibility this supply could be 
cut off or interrupted. Under such circumstances it is highly desirable to have 
available a s&terl?! vhich 1*111 be satisfactory for inner tubes for aircraft tires, 
and since at this writing butyl rubber is the elastomer with best at*- retentlvity, 
it is the logical material for this application, ons of the deficiencies of butyl 
rubber in inner tubes is lack of resilience at lov temperatures. 

The objective of this contract ie the development of a butyl rubber 
compound vnich is flexible at temperatures down to • 70°F. In compound development 
for lov temperatures, the uaiial approach is the selection, of suitable plastlcizers. 
A satisfactory plasticlzer must no- only produce satisfactory initial lav tempera- 
ture properties but must not migrate into other stocks into vhich it will come in 
contact and must sat s6 lost through extrS'Ss "volatility. 

T- 

Ss 

Only through the use of the finer particle carbon blacks can the requi- 
site physical properties bs set. 

As to processing of butyl rubber, this is a relatively nev art and it is 
reasonable to enect that mare will be lesrned which viii help overcome some of the 
deficiencies orchis elastomer. By virtue of General Tire's position in the rubber 
industry as a fabricator of elastomers cogsarclally available and not a producer or 
manufacturer engaged in the development of new butyl polymers, this development is 
limited to a study of the butyl rubber vhich is commercially available. Obviously 
the method of attack is limited to compound development. While development of a 
nev elastomer is a possible solution to the problem, it is beyond the scope or 
»»»^"Si.*"*g=a  ^v*  *v»<a  evy**£3>aftt- 

m. 
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DISCUSSION 

On account of certain physical requirements deemed essential in service 
conditions to which they are subjected, inner tubes for aircraft tires are now 
fabricated from natural rubber. Despite superior air retention of butyl inner 
tubes, butyl compounds currently used in ciYilian abdications are Inadequate for 
•illtar;* service, due largely to deficiencies In physical properties and lov 
temperature flexibility* On account of the extreiae importance of hating an 
elastomer vhlch is domestically available and which does not require importation, 
especially under adverse International situations, It is highly desirable that a 
butyl inner tube compound be developed which will possess the physical properties 
and lov temperature flaxibility requirements specified for inner tubes for aircraft 
tire8. The retentivity of air with butyl rubber is so outstanding as compared to 
other elastomers from which inner tubes sight or could be fabricated that butyl was 
selected as the subject for this investigation. Of the deficiencies above mentioned 
for butyl compounds, it was agreed at the start of this investigation that the most 
important requirement of this project was solution of the low temperature flexi- 
bility problem. It was furthermore agreed that certain compromises could be made 
on the o^-hsr physical specifications provided a compound was developed which pos- 
sessed the required low temperature flexibility. 

In the early period of butyl tube manufacture one of the major deficien- 
cies of inner tubes formulated from this elastomer was lov temperature buckling, 
particularly in passenger tires where the tire and tube underwent considerable 
deflection* This condition was not considered & serious problem in truck tire 
inner tubes. Through an extensive development program conducted by some of the 
inner tube manufacturers and producers of butyl ruubsr, low temperature buckling 
has been almost or entirely eliminated. This development was accomplished by the 
addition of relatively large quantities of moderately lov viscosity mineral oil, 
and in order to prevent stocks in process from becoming soft and mushy, higher 
viscosity butyl polymers were made available to the inner tube manufacturers for 
use with the high oil compounding technique* The introduction of high oil/high 
viscosity polymer in inner tube compounds was accompanied by increased carbon black 
loadings, which also assisted in maintaining the desired stiffness in the uncured 
state* Through this development it was noted that numerous plasticizers which are 
capable of imparting desirable lov temperature properties to a butyl inner tube 
compound have a tendency to migrate from the butyl 1KL2T tube into adjacent stocks. 
It was required, therefore, in this development that any plastic!zer in order to be 
oi value in this application must not migrate into other etocks with which the 
inner tube comes in contact. And for.purposes of migration evaluation, the experi- 
mental compounds were placed in contract with a natural rubber airplane tire carcass 
compound. 

In the development of elastomeric compounds for low temperature service, 
the result is usually achieved by selection of a proper plastlcizer, and for this 
reason the major portion of this development deals with plastlcizer evaluation* 
Most of the materials used in this development, therefore, were plasticizers which 
had demonstrated outstanding low temperature characteristics in other elastomers 
or had promise because of desirable viscosities and pour points at low temperature. 
An essential requirement for materials used in butyl £or*aulations is that they 
possess little or no chemical unsaturation. However, due to insufficient informa- 
tion furnished by some suppliers regarding characteristics or constitution of 
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their materials, some items were investigated which were incompatible and on 
account of chemical unsaturation failed to cure. 

Based on observations and data obtained, the plaeticizers investigated in 
this development were clussified in the following three categories: 

a. Plaeticizers incompatible with butyl rubber. 

b. Plaeticizers with, inadequate freeze resistance. 

c. Plaeticizere producing adequate freeze resistance. 

PIASHCIZERS INCOMPATIBLE HITS BUTYL RUBBER 

Materials in this category are plaeticizers described by the suppliers as 
glycol derivatives,  triglycol, polyalkylene glycol, glycol esters, polyesters, 
polyethers, ricinoleates and derivatives, tributoxyethyl phosphate, tributyl phos- 
phate, dibenzyl ether, dibutyl aconitate and Atlas Powder'e Pycal 70. 

1. Ijjljy. - C. P. Hall Co. 

A glycol fatty acid eater.,    Supplier states this material is 
similar to plasticizer SC. 

2. Plasticizer SC - Berwick Standard Chemical 

A triglycol ester of a vegetable oil fatty acid. 

3. Plasticizer DP-520 - Berwick Standard Chemicl 

A polyester. 

k.    KP-lkO - Ohio Apex Inc. 

Tributoxyethyl phosphate. 

5. P-a - Baker Castor Oil Co. 

Methyl rlclnoleate. 

6. JMJ - Baker Castor Oil Co. 

Qlyceryl triaceto ricinoleate. 

7. TP 90 B - Thiokol Corp. 

High molecular weight polyether. 

1 
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8. Ucon Xa-65 - Carbide & Carbon Chemicals 

Polyalkylene glycol. Water insoluble, lov molecular weight 
and lov pour point. 

9. Dlbutyl maleate - Carbide & Carbon Chemicals 

10. Trlbutyl phosphate - Ohio Apex Inc. 

11. Dibenzyl ether - Heyden Chemical Co. 

12. Pycal 70 - Atlas Powder Co. 

No information or description disclosed. 

13. Dlbutyl acoaitate - C. P. Hall Co. 

: 

FIASTICIZERS WITH IHADEQUATE FREEZE RESISTANCE 

1. Plasticizer ICP-511 - Harwick Standard Chemical 

Condensation product of a polyhydric alcohol with an alpha - 
omega dicarboxylic acid. 

2. VR-1 Ester (Genplast) - General Tire & Rubber Co., Chemical 
Division 

A sebacic acid ester. 

3. Dlbutyl sebacate - Resinous Products Corp. 

k.     Adipcl ODY - Ohio Apex Inc. 

n-Octyl decyl adipate. 

Ohopex R-9 - Ohio Apex Inc. 

Hot disclosed. 

KP-555 - Ohio Apex Inc. 

Bi8dimethylbenzyl ether. 

Monoplex 3-71 - Rohm & Baas 

Monomeric ester, 

Silicone oils. 

5. 

6. 

8. 

These oils are linear polymers with alternate atoms of silicon 
and oxygen.    Organic groups are attached to the silicon atoms. 
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The silicones are characterized by retention of fluidity 
at very lov temperatures. 

a. Silicone L-lt-1 is the commercial designation of 
the silicone oils vhere the organic groups are ethyl. 

b. Silicone L-k5  is the commercial designation of the 
silicone oils vhere the organic groups are methyl. 

c. Silicone DC-510 fluid. This is a methyl ethyl 
derivative. Freezing point ranges below -70°C. and 
1B recommended vhere extremely luw temperatures are 
involved. This silicone exhibits the best lov 
temperature properties of all the silicone fluids. 
Viscosity ia 50 eentistokes. 

PLASTICIZEBS PRODUCING ADEQUATE FREEZE RESISTANCE 

£ 

1 

The requirements on lov teaperature specified In MIL-T-5014B for Inner 
tubes for aircraft tires specify flexibility at -70°F. (-57^0.) as measured by 
ASTM Test iyjk6-khT.    This requirement vas met by the folloving plasticizers: 

1. Plaetlclzcr 3890-A - C. P. Hall Co. 

Dicarboxylic acid ester. 

2. Adlpol 2 EH - Ohio Apex Inc. 

Dl - 2 - ethyl hexyl adlpate. 

3. 10-A plasticizer - Ohio Apex Inc. 

Dl-iso-octyl adlpate. 

k,    Di-2-ethyl hexyl ether - Carbon & Carbide Chemical Co. 

5. Butyl Cellosolve pelargonate - C. P. Hall Co. 

Ester of n-nonylic acid. 

6. Butyl Carbltol pelargonate - C. P. Hall Co. 

7. Dllsobutyl a?elate - C. P. Hall Co. 

Ester of nonanedloic acid. 

8. Moncplex DOS - Rohm & Haas 

Dioctyl sebacate. 
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9. Hexyl ether - Carbide & Carbon Chemical Co. 

10. Trloctyl phosphate - Carbide & Carbon Chemical Co. 

Brittle points for all of the above plasticizers are almost alike, that 
la,  there is but a few degrees difference between the poorest and the best. The 
same also holds true for the physical properties In that no major differences are 
noted for any of the above materials. It is interesting to note, however, that 
almost without exception the ester plasticizers produce a more resilient compound 
than that produced by a paraff inic type mineral oil used in manufacture of inner 
tubes for truck and passenger tires. 

Additional improvement can be obte^ned in low temperature flexibility with 
some plasticizers by the use of increased plasticlzer. With increased plasticizer 
the additional increment is accompanied by a corresponding Increase in carbon black 
in order to maintain stock plasticity which will permit normal factory processing. 
Normal plasticizer is considered as in the range of 20 to 25 parts per 100 parts 
rubber hydrocarbon. 

There was some overlapping between groups 2 and 3 ia that with lower 
loadings (20 parts) the brittle point of the resultant compound was unsatisfactory; 
whereas, with increased amount of plasticizer a satisfactory brittle point was 
obtained. Therefore, in the data table" some plasticizers may appear in both groups 
2 and 3, depending on concentration of plasticizer used. For instance, C. P. Hall 
3890-A produces satisfactory brittle point with 25 parts plasticizer but is 
deficient with 20 parts plasticizer. 

Materials producing satisfactory low temperature properties were further 
evaluated for: 

1. VOLATILITY of tho plasticizer from the cured compound. 

2. MIGRATION of the plasticizer from cured butyl stock to an 
adjacent natural rubber stock of the type airplane inner 
tubes would contacts For the adjacent natural rubber stock, 
compound K-8, General Tire's airplane tire carcass compound 
was used, with testing details as described under heading 
"testing methods and procedures." 

Tensile slabs placed in contact with natural rubber carcass stock for 
aircraft tires were then tested for brittle point to determine effect of loss of 
plasticizer through migration. Essentially, the migration test Involves a pressure 
on an assembly consisting of a sheet of experimental compound placed between two 
sheets of aircraft tire carcass stock and the assembly placed in an oven for 28 
days at 70°C. Following this treatment, low temperature flexibility of the experi- 
mental compounds is seriously impaired and again the brittle point data for the 
various plasticizers is approximately equal within experimental error. On the 
other hand, a compound containing no plasticizer when subjected to the same treat- 
ment wae improved in low temperature flexibility and after migration comes up with 
about the same brittle point as the compounds containing plasticizer. He expla- 
nation is offered for this unusual phenomenon. 

> 
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This fact was learned .iust prior to the expiration of this contract and 
time did not allow further investigation along this line. Explanation for this 
improved low temperatuiz  property on unplasticized stock might he an important stop 
toward solution of this problem. xkcrc is no apparent relationship after migration, 
between the amount of piasticizer retained and low temperature flexibility. This 
is shown in the data where wit'-, approximately the same piasticizer level the dif- 
ference in brittle point before and after migration is considerable. It was also 
noted that the migration test resulted in considerable increase in Shore Hardness 
on plasticlzed stock. Stock without piasticizer shows no hardness change after 
migration treatment. No other physical properties were measured on the experi- 
mental stocks after migration. 

In addition to an extensive study of various plasticizers, piasticizer 
combinations, etc., this program covered a study of the effect of different 
commercially available types of butyl rubber on low temperature brittle point, and 
along this line the manufacturers of butyl rubber were contacted in an effort to 
obtain experimental polymers. However, we were informed that no experimental 
polymers xere available for this development. 

Commercially, four grades of butyl are available, with the difference in 
these being in the percentage of Isoprene which is copolymerized with isobutylene 
in preparation of the pclyssr* These available grades of butyl contain 1.0, 2,0, 
2.5, ana. 3.0 per cent of isoprene. These four grades were investigated, evaluated, 
and compared for low temperature properties. From one of the manufacturers of 
butyl rubber it was learned that polymers had been prepared in which different 
amounts of styrene were used, and the polymers evaluated for low t^i^perature 
properties. The report was that the styrene polymers were no better at low temper- 
atures than the regular butyl which contains isoprene. 

Commercial carbon blacks of different particle size, of diverse methods 
of manufacture, etc., were investigated to determine their effect en brittle point 
and on physical properties, and It was noted that brittle point on the various 
blacks was almost the same except for the extreme.".;; fine particle blacks, SAF and 
EPC, both of which imparted less desirable low temperature properties than did the 
coarser blacks. If maintaining highest possible tensile strength in a butyl inner 
tube is Important,then with either SAF or EPC blacks, the black loading should be 
in the range of 35 parts per 100 RHC (rubber hydrocarbon). At this loading, maximum 
tensile values are developed and decrease with successive load increments. In this 
respect butyl differs with the commonly used synthetic rubbers which exhibit maximum 
tensile values with loadings of 50 and more of carbon bls"k 

Whereas, the above discussed components of a butyl inner tube compound, 
that is, polymer, piasticizer, and carbon blacks are the major constituents in the 
composition, several other ingredients which are present only in smaller amount 
were investigated and the effect of their variation noted. In this classification, 
and which might be considered as ox minor importance In the butyl inner tube 
formula, are zinc oxide, the vulcanization accelerator activator, special compound- 
ing ingredients, peroxide curing agents, and effect of high "temperature .processing 
on a butyl-carbon black mixture In a separate high temperature mixing stage, 
carried out prior to completion of the final mix. 

In addition to the items above mentioned, the Investigation included some 
materials which do not fall in any of the above classifications and are here listed 
as special materials. In this listing are the following: 
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1. Tellurac - R. T. Vanderbilt Co. 

Tellurium Uetbyldithiocarbamate. 

2. Polyac - E. I. du Pont de Nemours, 

poly p-diaitroBO benzene. 

A recent communication from Esso laboratories indicated outstanding 
improvement in rebound, modulus and physical properties generally, by mixing and 
adding carbon black to butyl in the Banbury at temperatures in excess of 4009F. 
Plaaticizers Incidentally vere added in a subsequent mix and at normal processing 
temperatures, 220 - 250°F. The improved rebound obtained through this treatment 
indicated a possibility for improved lev temperature flexibility and, consequently, 
the suggested recommendations vere investigated. This processing technique 
effected an improvement in lov temperature properties on the stock before migration 
treatment; however, after migration lov temperature brittle point vas the same on 
the high temperature mixed stock as that of the normal mix. 

The following butyl rubber inner tube compound vlll meet the military 
requirements including lov temperature brittle point of -70°F. 

CW-I 18 100 
Zinc Oxide 5 
Polyac 
Philblack E  or EPC Black 

0.4 
35 - 45 

Plasticizer* 
Captax/Tua&s 

(1:2 Blend) 
Sulfur 

20-25 
1.54 

2 

•Any one of the plasticlzers or a combination of same from the list of 
plasticizere witb satisfactory freeze resistance. 

SUMMARY AND CONCLUSIONS 

Plasticlzers vere compounded into butyl tube stock formulations which 
produced satisfactory lov temperature properties, that is, brittle points of -T0°P. 
or lover. Unfortunately, in the laboratory, following migration tests used for 
evaluation of the experimental compounds, the desirable lov temperature properties 
vere not retained. It is not knovn vhether the laboratory conditions as used are 
more or less severe than service conditions. It is recommended, therefore, that to 
properly evaluate some of the suggested plasticlzers that inner tubes for aircraft 
tires be fabricated using some of the plasticlzers vhich exhibited satisfactory lov 
temperature flexibility and that the tubes be tested both before and after a 
definite number of landings vhen mounted in airplane tires. 
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Recuits of this work demonstrate that certain plasticizers vill produce 
adequate low temperature flexibility according to laboratory tests; however, *.t was 
found that the plasticizers are not adequately retained when placed in contact with 
a natural rubber compound, or, in other words, migrate to the rubber compound. 

Some of the plasticizers produced improved brittle points with increased 
plasticizer. The range of investigation covered 20, 25 and in some instances 30 
parts plasticizer per 100 parts butyl rubber. 

Butyl polymers with varying percentages of isoprene and resulting vari- 
ation in degree of chemical unsaturation showed slight, if any, differences in low 
temperature flexibility. 

An investigation of the low temperature properties of different carbon 
blacks showed, except for the extremely fine particle size blacks, no difference In 
brittle point. With EPC and SAF blacks, brittle points are not aa low as with the 
coarser blacks. However, only these two blacks will meet the military specif1- 
cations on tensile strength for compounds for inner tubes to be used in aircraft 
tires. With these two blacks, maximum tensile values are obtained with 35 to kO 
parts black per 100 parts rubber hydrocarbon. Increased black loadings result In 
lower tensile strength. 

No significant differences were noted with variation in zinc oxide; how- 
ever, indications are that with higher amount* of zinc oxide, brittle points are 
poorer. Therefore, the recommended amount of zinc oxide is 5 parts per 100 parts 
rubber hydrocarbon. This is the conventional amount used for activation. 

Of the special materials investigated, silicones, peroxide curatives, 
etc., no improvement was obtained in low temperature flexibility. 

The more recently recommended technique for mixing butyl rubber compounds 
at high temperatures, in excess of l*O0°F., failed to show appreciable improvement 
in low temperature flexibility or of plasticizer retentivity In butyl rubber. 

TESTING METHODS AND PROCEDURES 

Preparation; A.S.T.M. D 15=50T 
This procedure is followed with the exceptions here listed. 

The batch is mixed in a 1100 cc„ volume laboratory Banbury in which 
all materials are added except sulfur and accelerator. The Banbury 
batch is sheeted on laboratory mill, allowed from two to four hours 
for cooling, and sulfur and accelerator then added on 6x12 mill. 

Stress Strain (Tensile) etc.; A.S.T.M. D U-12-U9T 

Tear; Crescent Method A.S.T.M. D 62k-kQ 

Hardness; Shore Durometer Type A A..S.T.M. D &j6-k$lT 

WADC TR 5^-62 



Rebound; Goodyear-Healy A.S.T.M. D IO5I+-49T 

Lov Temperature Embrlttlemcnt; American Cyanamide - Graves 
Modified A.S.T.M. D JkS-kkl 

Test piece 1.5" x 0.25" x 0.075" 

Test pieces are conditioned for 2.5 minutes at the testing 
temperature. At the end of this period the test pieces are 
subjected to deTlection and then examined for failure. A 
failure is considered to have occurred if the test piece is 
broken into two separate pieces. A cracked or partially broken 
test piece is not considered a failure. 

For preliminary investigation two test pieces are used at each 
testing temperature. At the final temperature, 10 test pieces 
are used and 5 or more must pass for an OK. 

Considerable controversy is encountered on the merits of various 
lov temperature test _a?thods. Our use of the Graves apparatus 
shall net be construed as approval of this method and no attempt 
will be made to discuss the relative merits of the various test 
methods and testing procedures. However, suffice it to say that 
the Graves apparatus is nov used for evaluation of confounds for 
inner tubes for aircraft and for this reason was selected for 
determining the brittle point data shown In this report. 

TR Test: 

This test is used for determining the freezing point, lov 
temperature elasticity and crystallization tendencies of rubber 
and rubber-like materials. Details of this test are described 
in India Rubber World 1951, Volume 124, Page 180. 

Test piece. Constricted portion k.0s:  x .075" x .075" vith 
tabby ends 0.25" square. 

Original elongation 50$ 
Freezing temperature -89°F» 
Conditioning period 2.5 min. 
Temperature rise 1.8°F. 

It will be noted in the data in this report that the teoperature 
at U0# retraction show good agreement with brittle point temperature 
as determined by the Graves apparatus. 

Volatility Test; 

A. On plasticizer itself 

Heat a 10 gram sample in a glass petrl dish whose 
diameter is approximately 2.5 inches. If available 
use an oven having a rotating shelf. 

Heat 5 hours @ 325°F. 

WADC TR 5^-te 10 
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S. On compounded stock 

Using a sample from a tensile shep+. (approximately 
.075" gauge) cut 2" x 1" and determine loss under 
following conditions: 

70 hours @ 212°F. 
kQ hours @  300°F. 

Migration Test: 

Cut a piece of experimental stock from a tensile sheet (approximately 
.075" gauge) 2" x 1" and place between two sheets of airplane tire 
carcass stock of the same size, wrap the assembly in aluminum or 
other metallic foil and place between 8" x 10" sheets of plate glass. 
The load on the test pieces shall he 1 kilogram per square inch of 
sample area. 

The assembly shall be placed in iw oven at 158°F. 

The assembly and the experimental stock shall be weighed at 2k  hour 
intervals for the first four days and at weekly intervals for a period 
of four weeks. 

A. PLASTtCIZERS IHCOMPATIBLE WITH BUTYL 

Formula for plasticizer evaluation: 

HADC TR 5^62 

QR-I 18 100 
Zinc Oxide 5 
MAF Black 55 
Captax/Tuads 1.51* 

(1:2 Blend) 
Sulfur 2 
Plasticizer Variable 
Curing Temperature 287°F. 
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TABLE I.    Modulus ( 5 300% - Pou 

Parts p"ir 

nds per square Inch 

100 GR-I 10 Mln. 20 Mln. 30 Mln. k$  Min. 60 Mln. 

C. P. Hall jfklkl 20 275 4f5 600 700 750 
C. P. Hall #4l4l 25 175 325 k23 500 600 
Plastlclzer SC 20 22S too 475 625 725 
PlaBticizer SC 200 400 1*50 600 700 
Plast DP-200 20 125 225 275 325 325 
Plast DP-200 25 150 250 325 375 450 
Plast DP-520 20 NC NC NC HC NC 
Plast DP-520 25 NC NC NC «c NC 
Plast SC (20) 250 425 550 650 725 
& Silicone L-l»-5 ( 5) 

KP-140 20 150 350 450 500 550 
KP-140 25 150 350 350 450 500 
P-l 20 NC NC NC NC NC 
P-l 25 NC NC 3C NC NC 
P-8 20 NC NC NC NC NC 
P-8 25 NC NC NC NC NC 
TP90B 25 150 350 450 550 650 
Ucon LB-65 20 150 375 i»75 550 

U50 
650 

Ueon LB-65 25 50 325 350 550 

TABLE II.   Tensile @ Break - Pounds per square Inch 

C. P. Hall #4l4l 20 1575 1800 1750 1625 1475 
C. P. HaLl #4141 25 1500 1800 1600 1700 1625 
Plastlclzer SC 20 1575 1925 1725 1725 1675 
Plastlclzer SC 25 1200 160U 1600 l600 1525 
Plast DP-200 20 H 5 1725 1625 1550 1525 
Plast IP-200 25 1375 1750 1900 1775 1800 
Plast DP-520 20 H: NC NC NC NC 
Plast DP-520 25 DC NC NC NC NC 
Plast SC (20) 1600 1650 1550 1450 1500 

& Silicone L-45 ( 5) 
KP-140 20 1500 1825 1900 1800 1700 

KP-140 25 1050 1775 1800 1925 1750 

P-l 20 NC NC NC NC NC 
P-l 25 NC NC NC NC NC 
P-8 20 NC NC NC NC :sc 
P-8 25 NC NC NC NC NC 
TP90B 20 1725 1950 1900 1725 1650 

TP90B 25 1^50 1350 1875 l&OO 1650 

Ucon LB-65 20 1300 1850 1750 1650 1500 

Ucon LB-65 25 1000 1675 1700 l600 1450 

HC Indicates no cure, 
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TABLE III.   Elongation @ Break - per cent 

Parts Per 
100 GR-I 10 Mia. 20 Min, 30 Min. k5  Kin, 60 Min. 

C. P. Hall ifklkl 20 740 69O 610 565 500 
C. P. Hall #4l4l 25 810 725 6*5 605 570 
Plasticlzer SC 20 790 710 660 600 555 
Plasticlzer SC 25 860 74o 765 660 625 

620 
675 

Plast DP-200 20 765 745 705 650 
Flast DP-200 25 930 765 725 685 
Plast DP-520 20 NC NC NC NC NC 
Plast DP-520 25 NC NC KC NC NC 
Plast SC (20) 755 655 610 560 530 
& Silicons L-45 ( 5) 

KP-140 20 890 715 680 645 610 
KP-l4o 25 1020 7J*0 730 690 650 
P-l 20 NC NC NC NC NC 
P-l 25 NC NC NC NC NC 
P-8 20 NC NC NC NC NC 
P-8 25 NC NC NC NC NC 
TP90B 20 795 665 600 550 510 
TP90B 25 610 655 660 615 555 
Ucon LB-65 20 820 710 67O 625 575 
Ucon LB-65 25 1070 710 655 625 570 

TABLE IV.    Tear - pounds per inch 

C. P. Hall 1/tekl 20 21*0 239 190 168 153 
C. P. Hall #4l4l 25 196 205 187 183 147 
Plasticlzer SC 20 230 22*8 202 193 150 
Plastlclzer SC 25 181 239 265 266 268 
Plast. DP-200 20 212 226 200 165 14'^ 
Plast. DP-200 25 216 27^ 252 202 190 
Plast. DP-520 20 NC NC NC NC NC 
Plast. DP-520 25 NC NC NC NC NC 
Plast. SC (20) 214 210 188 143 195 
& Silicons L-45 ( 5) 

KP-140 20 230 232 242 182 176 
KP-140 25 lf4 207 21k 171 178 
P-l 20 NC NC NC NC NC 
P-l 25 NC NC NC NC NC 

P-8 20 IC NC NC NC NC 
TP90B 20 220 22v 202 176 161 
TP9CB 25 179 216 188 149 134 
Ucon LB-65 20 158 260 196 153 134 
Ucon LB-65 25 128 22k 187 168 136 

NC indicates no cure. 
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TABLE V.    Hardness (Shore Purometer Type A) 

k 

Parvs Per 
100 Gfi-I 10 Min. 20 Min. 30 Mia. 45 Min. 60 Min. 

C. P. Hall #4l4l 20 38 42 44 46 48 

C. P. Hall ifklkl 25 35 39 40 42 44 

Plasticizer SC 20 36 39 41 44 46 

Plasticizer £ 25 35 38 39 '•1 43 

Plaat. DP-200 20 35 4o 42 44 45 

Plast. DP-200 25 35 37 39 40 40 

Plast. DP-520 20 NC NC NC NC NC 

Plast. DP-520 25 NC NC NC NC NC 

Plast. SC 
& Silicone L-45 

(20) 
( 5) 

38 4o 42 45 46 

KP-l40 20 35 4o 42 44 44 

KP-140 25 34 36 38 40 42 

P-l 20 NC NC NC NC NC 

P-l 25 NC NC NC NC NC 

P-8 20 NC NC NC NC NC 

P-8 25 NC NC NC NC NC 

TP90B 20 37 4o 43 45 46 

TP90B 25 3* 38 40 42 44 

Ucon LB-65 20 36 40 44 45 46 

Ucon LB-65 25 3* 39 41 43 45 

NC indicates no cure- 

WADC TR 54-62 14 
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TABLE VI. Rebound (Goodyear-Healy) 60 Min. @ 287°F. 

Embrittlement   (American Cyanamide-Graves) 60 Min. @ 287°F. 

TR {kQ<f> Retraction—Original Elongation 50$) 60 Min. @ 287°F. 

C. P. Hall #1*11*1 
C. P. Hall jtf*ll*l 
Plasticizer SC 
Plasticizer SC 
Plast. DP-200 

DF-200 
DP-520 
DP-520 
SC 

Plast. 
Plast. 
Plast. 
Plast. 
& Sllicone 

KP-140 
KP-ll*0 
P-l 
P-l 
P-8 
P-8 
TP90B 
TP90B 
Ucon LB-65 
Ueon LB-65 

L-l*5 

Par-ts Per 
100 GR-I Rebound 

£0 51* 
25 1*9.6 
20 50.6 
25 1*9.6 
20 32.9 
25 1*1.1 
20 NC 
25 NC 

(20) 1*7.8 
(   5) 
20 37.1* 
25 36.1 
20 NC 
25 NC 
20 NC 
25 NC 
20 1*6.1* 
25 46.9 
20 1*1.6 
25 1*1.6 

Embrittlement TR 

0K@ -58°F. -38°F 
11 -5l*° -36° 11 

-51*° .240 
11 -6o° -19° 
it -56° .5^0 
11 -j>8° -53° 
NC NC 
NC NC 
0K@ -5*° -1*2° 

NC NC 
NC NC 
NC NC 
NC NC 
OK @ -67° -58° 

0K@ -6o° -52° 
11 -60° -53° 

NOTE: 

No physical data is shown on the following plastlcizers which are 
incompatible in butyl rubber. 

a. Dibutyl maleate 
b. Tributyl phosphate 
Co Dibenzyl ether 
d. Pycal 70 - From Atlas Powder Co. 
e. Dibutyl aconitate - C. P. Hall Co. 

NC indicates no cure. 
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TABLE VII,,    TR- Temperature Retrection 

Cure 60 @ 287°F. 

Temperature data in minus degrees Fahrenheit for percentage 
retractions (T-l, T-2, etc.) indicated. 

;•• 

Parts Per 
100 OR-I T-l T-2 £3 T^ T-10 T-20 T;30 

C. P. Hall fnkl 20 89°P. 87°F. 82°F. 74°F. 63°F. 53°P. ^5°P. 
C. P. Hall jkaki 25 - 89 87 Ik 63 51 k2 
Plasticizer SC 20 89 78 67 55 ko 31 
Plasticizer SC 25 89 78 67 51 36 26 
Plasticizer DP-200 20 89 85 83 76 71 63 58 
Plasticizer DP-200 25 83 83 78 73 69 52 56 
Plasticizer DP-520 20 HC NC NC NC NC NC NC 
Plasticizer DP-^20 25 NC NC NC NC NC HC NC 
Plasticizer SC (20) 85 83 78 73 65 55 k9 
& Silicons L-U5 ( 5) : 
P-l 20 HC NC NC NC NC HC HC 
P-l 25 NC NC NC NC HC HC NC 
P-8 20 NC NC NC NC HC HC NC 
P-6 2? NC HC NC NC NC HC NC 
Tk>90B 20 - 89 87 80 73 65 60 
Ucon LB-65 20 - 87 83 76 70 63 58 
Ucon LB-65 25 

Parts Per » 

87 83 76 70 63 56 

100 OR-I T-kO T-20 T-60 T-70 T-80 T-22 . 

C. P. Hall Jfklkl 20 38 31 25 15 9 /s ; 
C. P. Hall fakl 25 36 27 18 13 8 

<9 ' 
Plasticizer SC 20 2k 17 11 9 1 <9 . 
Plasticizer SC 25 19 13 10 8 h /lif | 
Plasticizer DP-200 20 5k 51 46 kl 33 18 
Plasticizer DP-200 25 53 *7 U2 36 27 7 
Plasticizer DP-520 20 NC NC NC NC NC NC 
Plasticizer DP-520 25 NC NC NC NC NC NC 
Pl&sti^izer SC (20) 

( 5) 
k2 36 29 20 11 0 

4 Silicons LA5 
P-l 20 NC NC NC NC NC NC 

• 

P-l 25 NC NC NC KC NC NC 
P-8 20 NC NC NC NC NC NC 
P-8 25 NC NC NC NC HC NC 
TP90B 20 58 5* 50 k5 38 27 
Ucon LB-65 20 52 51 k6 kk 36 26 
Ucon LB-65 25 53 50 M kk 36 26 

HOTS: No TR data obtained for KP-l^O plasticizer at 20 and 25 parts loading and 
for TP90B at 2S parts loading* 

HC indicates no cure. 
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B. SILICONS DC 510 FLUID AND ESTER PLASTICIZER IN BUTYL 

Forsula: 

GR-I 100 
Zinc Oxide 5 
MAF black 55 
Captax/Tuads 1.5* 

(1:2 Blend) 
Sulfur 2 
(DC 510 Fluid) 
(Adipol 2 EH ) 25 combined total 
Curing temperature 287°?. 

TABLE VIII. 

Modulus g 300^ - Pounds per square inch 

Parts Parts 
DC 510 Adipol 
Fluid 2 -2 10 Min. 20 Min. 30 Min. 45 Min. 60 Min. 

0 25 100 525 650 800 875 
5 20 175 500 600 775 850 

10 15 150 500 600 775 850 
15 10 100 1*50 550 700 750 
20 5 75 350 525 625 65O 

Tensile @ Break - 1 Pounds per square inch 

0 25 775 1725 1900 1600 1750 

5 20 1050 1825 1825 1750 1650 
10 15 1150 1675 1650 1675 11*50 

15 10 1000 I65O 1650 1500 1500 
20 5 600 925 1000 1100 850 

Elongation @ Break - Per cent 

0 25 630 650 630 525 510 
5 20 810 725 645 600 5*5 

10 15 880 685 635 590 1*90 

15 10 930 685 650 51*0 520 
20 5 825 555 500 i»6o 380 

Tear - Pounds per inch 

226 206 11*7 0 25 97 155 
5 20 11*0 210 220 186 150 

10 15 lk8 196 206 159 137 

15 
20 

10 108 2l« 175 163 179 

5 107 163 153 132 153 
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TABLE VIII, (Contd.) 

Hardsssa: (Shore Durometer Type A) 

Parts Parts 
DC 510 Adlpol 
rivid. 2 EH 10 Kin. 20 Nln. 30 Kin. 45 Mm. 60 Mln. 

0 25 34 43 45 48 49 
5 20 36 43 45 47 49 

10 15 38 kk 46 48 49 : 
15 10 38 k6 49 51 52 • 
20 5 37 43 45 47 48 

I 

TABLE IX.    Rebound (Goodyear-Healy) 60 Mln. 3 28? F. 

Embrittlement ( American Cyanamid-Graves ) 60 Min. © 287°P. 

TR (4o£ Retraction - Original Elongation 50$) 60 Min. @ 287°F. 

Parts 
DC 510 Fluid Adipol J 

0 25 
5 20 

10 15 
15 10 
20 5 

EH Rebound 

58 4* 
55.4 
52.0 
45.5 
37-4 

Embrittlement 

OK -72°F. 
" -72 
"  -72 
" -53 
" -49 

TR 

-72°F. 
-71 
-66 
-69 
-55 

Remarks: 

DC 510 fluid was incorporated into batch by first- premixing this material 
into dry black. 

Batch vith 20 parts DC 510 fluid vs.5 mixed vith difficulty and batch 
with 25 parts was impossible to mix, and therefore no data is shown for 25 
parts. 

18 
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TABLE X. TR - Temperature Retraction 

Cure 60 @ 287°F. 

Temperature In minus degrees Fahrenheit for percentage retraction 
Indicated (T-l, T-2, etc.) 

Parts Parts 
DC 510 Adipol 
Fluid 2 EH 

0 25 
5 20 

10 15 
15 10 
20 J 

T-l     T-2     T-3 T-10 

83 

_ _ 88 86 
- - 87 83 
- 87 S4 81 

87 85 fjZ 78 
82 80 76 71 

T-20 

82 
79 
7* 
76 
63 

Sl30_ 

77 
73 
71 
7* 
59 

Parts Parts 
DC 510 Adipol 
Fluid 2 EH T-40 T-50 T-60 T-70 T-80 T^ 

0 25 72 71 67 63 58 46 
5 20 71 67 63 60 54 44 

10 15 66 63 60 56 51 38 
15 10 69 63 57 53 46 31 
20 5 55 52 48 44 39 26 
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C.  PLASTIC IZERs WITH DEFICIENT FREEZE RESISTANCE 

The formula is the same as shovn la Section A. for plssticizers 
incompatible with butyl. 

TABLE XI.    Modulus g JOOf - Pounds per gffigS lncn 

Parts Per 
ICO CR-I 10 Min.  20 Min.  30 Mln.  k5 Min.  60 Mln. 

Forum kO Oil 15 U00 575 800 900 1000 
Forum kO Oil 20 350 575 700 350 1000 
Forum Uo Oil 25 275 ^75 600 725 825 
C. P. Hall 3890-A 20 275 500 625 775 850 
C. P. Hall 3890-A (20) 325 '•00 575 700 775 
& Silicone L-^5 ( 5) 
Plast. MT- 511 20 200 375 ^) 500 625 
Plast. MT-5H 25 125 275 350 1*75 525 
VR-1 Ester 20 175 325 375 ^75 575 
VR-l Ester 25 125 225 325 350 i*00 
10-A Plast. 20 150 550 725 850 950 
Dibutyl Sebacate 20 200 600 700 875 950 
Dibirtyl Sebacate 25 150 1*50 600 750 825 
Adlpol ODY 2C 200 525 65O 800 875 
Adlpoi ODY 25 200 1*75 600 725 775 
OhopexR-9 20 75 125 150 175 175 
OhopexR-0 25 HC 75 75 125 75 
KP-555 20 375 550 675 800 075 
KP-555 25 275 ^25 550 650 750 
Monoplex S-71 20 150 250 300 350 350 
Monoples S-71 25 125 175 225 250 250 

NC indicates no cure. 
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TABLE XII.    Tensile g Break - Pounds per aquare Inch 

Parts Per 
100 QR-I 10 Mln. 20 Mln. 30 Mln. 1*5 Min. 60 Min. 

Fonm kO Oil i5 1725 1925 1950 1950 1875 
Forum kO Oil 20 1675 192> 2000 1950 1750 
Forum 40 Oil 25 1325 1875 1875 1825 1725 
C. P. Hall 389O-A 20 1500 1750 1800 1625 1550 
C. P. Hall 3890-A (20) 1625 1625 1625 1625 1500 
& Silicone L-%5 ( 5) 
Plast.Mr-511 20 1525 1775 1775 1725 l600 
Plast. MT-5H 25 825 1275 1325 ll»25 l'-*75 
VR-1 Ester 20 1275 1725 1825 1900 1675 
VR-1 Ester 25 1050 1775 1775 1875 1775 
10-A Past. 20 U50 1825 1875 19OC 1600 
Dibutyl Sebacate 20 1150 1925 1800 1800 1700 
Dibutyl Sebacate 25 1200 1775 1850 1675 1650 
AdL'pol ODI 20 1450 1975 1975 1950 1800 
Adipol ODI 25 1350 1950 1950 1825 1725 
Ohopex R-9 20 Vf5 1050 1325 11*50 ll*25 
Ohopex R-9 25 KC 625 725 950 725 
KP-555 20 1925 1975 1950 1750 1750 
KP-555 25 1775 1975 1825 1875 1750 
Monoplex S-71 20 11*00 1800 1700 1850 1800 
Monoplex S-71 25 1300 157> 1750 1825 1775 

TABLE XIII.    Elongation ® Break - Psr cent 

Portia kO Oil 15 810 750 655 600 555 
Pona 1*0 Oil 20 800 715 690 65O 520 
Fonm 1*0 Oil 25 715 7^5 69O 63O 550 
C. P. Hall 3890-A 20 795 6^5 650 5*5 1*90 
C. P. Hall 3890-A (20) 765 670 63O 580 51*0 
& Silicone L-l*5 ( 5) 
Plast. MT-5H 20 805 730 660 615 585 
Plast. MT-511 25 1010 780 720 1*5 655 
VR-1 Ester 20 930 805 780 725 700 
VR-1 Ester 25 935 8»*5 790 765 720 
10-A Plast. 20 770 655 605 575 1*70 
Dibutyl Sebacate 20 775 655 590 520 1*95 
Dibutyl Sebacate 25 81*0 61*5 630 555 510 
Adipol ODY 20 850 730 695 620 555 
Adipol ODT 25 875 735 685 610 570 
Ohopex R-9 20 1060 1015 1000 980 930 
Ohopex R-9 25 NC 1050 900 10l*0 885 
KP-555 20 8lp 720 680 580 550 
KP-555 25 825 755 680 61*5 580 
Monoplex S-71 20 895 895 805 800 780 
Monoplex 3-71 25 9^) 875 885 81*5 835 

HC indicates no cure. 
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TABLE XIV    Tear - Pounds per 

Parts Per 

inch 

100 GR-1 10 Min. 20 Min. 30 Min, 45 Min, 60 Min 

Forum 40 Oil 15 224 238 232 212 198 
Forum 40 Oil 20 204 2l£ 210 202 174 
Forum 40 Oil 25 189 222 214 182 177 
C. P. Hall 3890-A 20 216 224 219 196 157 
C. P. Hall 389O-A (20) 245 214 190 l60 210 
& Silicone L-45 ( 5) 

Plast. MP-511 20 197 237 191 178 ••Pi 

Plast. MT-5H 25 167 230 256 245 297 
VB-1 Ester 20 185 256 257 267 245 
VR-1 Ester 25 172 24-5 242 232 210 
10-A Plast. 20 164 214 188 173 189 
Dibutyl Sebacate 20 151 214 204 190 142 
Dibutyl Sebacate 25 139 202 194 159 156 
Adipol ODY 20 210 254 228 200 159 
Adipol ODY 25 199 236 240 232 156 
Ohopex R-9 20 79 146 180 191 208 
Ohopex R-9 25 NC 10O 102 135 137 
KP-555 20 244 246 231 175 169 
KP-555 25 246 230 185 203 204 
Monoplex S-71 20 206 2l£ 240 236 230 
Monoplex S-71 25 174 228 222 240 218 

TABLE XV.     Harcbi ess (Shore Durometer Type A) 

Forum 40 Oil 15 43 47 49 51 52 
Forum 40 Oil 20 41 45 47 49 51 
Forum 40 Oil 25 37 hP 44 46 47 
C. P. Hall 3890-A 20 38 44 47 49 50 
C. P. Hall 3890-A (20) 36 43 45 47 43 
& Silicone L-45 ( 5) 

Plast. MT-511 20 42 45 47 48 49 
Plast. MT-5U 25 4o 44 45 46 46 
VR-1 Ester 20 38 4l 43 45 46 
VR-1 Ester 25 33 38 40 41 43 
10-A Plast. 20 38 44 4C 48 50 
Dibutyl Sebacate 20 38 45 47 49 50 
Dibutyl Sebacate 25 34 41 44 46 47 
Adipol ODY 20 37 44 46 49 51 
Adipol ODY 25 35 42 45 47 49 
Ohopex R-9 20 30 34 36 37 38 
Ohopex R-9 25 25 30 32 33 33 

KP-555 20 42 46 47 51 52 

KP-555 25 39 44 46 48 49 
Monoplex S-71 20 37 39 40 41 41 

Monoplex S-71 25 32 36 38 39 39 

IC Indicates no cure. 
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TABLE XVI. 

Rebound (Goodyear-Healy) 60 Min. 9 2&T°F. 

Embrittlensnt (American Cyanaaide-Graves) 60 Min. 9 287°F. 

TR (1*0^ Retraction - Original Elongation 50$) 60 Min. 9 2&J°F, 

! 

Parts Per 
• 100 GR-I Rebound Embrittleaeat TR 

• •• Porua 1*0 Oil 15 1*5.1* OK 9 -5^°F. -57°F 
K Forofii kO Oil 20 1*6.1* -62 -58 

Forua 1*0 Oil 25 50.1 -62 -61 
C. P. Hall 389O-A 20 56.1* -51* -67 
C. P. Hall 3890-A (20) 56.V -60 -67 
& Silicone L-4? ( 5) 

• 

Plast. MT-511 20 35-3 -1*1* -*5 
Plast. MX-511 25 32.9 -1*1* -45 

I VR-1 Ester 20 **3-7 -1*9 -5^ 
.-. VR-1 Ester 25 kk.6 -1*9 -56 
'• 10-A Plast. 20 5^.9 -3* -5* 

Dibutyl Sebacate 20 59.5 -5* ^7 
Dibutyl Sebacate 25 61.5 -54 -1*2 

| Adipol ODY 20 61.5 
ti -56 -hi 

jp Adipol ODY 25 61*.l n -56 -^9 
1 Ohopex R-9 20 W*.2 n -56 -^9 

: 
Ohopex R-9 25 ^3.3 

n -67 A5 
KP-555 20 5^.9 

11 -53 -59 
:. KP-555 25 59*0 11 -56 -60 

"' 
Monoplex S-71 20 1*5.1 

11 -1*8 -59 
Monoplex S-71 25 1*8.2 tt -58 -58 

\ • 

"7- 

•M- 
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TABLE XVTT,   TR - Tenroerature Retraction 

ercentage retraction indicated (T-l, Tesapertiturc in minus degrees Fahrenheit for p 
T-2, etc.) 

Parts Per 

- 

100 GR-I T-l T-2 tl tl T-10 T-2C )   T^30 

Forum 1*0 Oil 15 89 &T 83 81 73 66 62 
Forum 1*0 Oil 20 87 85 83 81 7* 67 62 
Forum 1*0 Oil 25 87 85 83 82 76 68 65 
C. P. 2all 3890-A 20 - 89 88 87 76 71 
C. P. Hall 389O-A (20) - - 89 88 83 76 71 
& Silicone L-l*5 ( 5) 

Plasticizer MT-511 20 82 72 70 6k 60 53 1*9 
Plasticizer MT-511 25 87 72 70 63 60 53 1*8 
VR-I Ester 20 - - 89 8z 73 65 58 
VR-I Ester 25 - - 89 85 77 66 60 
10-A Plasticizer 20 83 82 81 73 71 62 56 
Dlbutyl Sebacate 20 * 87 83 80 69 60 3k 
Dibutyl Sebacate 25 - 89 87 80 67 55 k7 
Adipol ODY 20 Mi - 87 83 73 61 53 
Adipol ODY 25 83 - 77 71 60 47 39 
Ohopex R-9 20 - 87 86 83 7k 62 51 
Ohopex R-9 25 - - 87 84 76 65 55 
KP-555 20 87 86 84 80 Ik 67 63 
KP-555 25 87 85 83 80 7k 68 63 
Monoplex S-71 20 - 87 85 63 78 71 6k 
Nonoplex S-jl 25 - - 87 86 81 73 66 
No Plasticizer (None) 82 81 77 71 6k 56 51 

Parts Per 
100 OR-1 T-1*0 ?z50 T-60 T-JO T-80 *=2° 

Forum kO Oil 15 57 54 Jko kk 36 18 
Forum 1*0 Oil 

k      Forum 1*0 Oil 
20 58 5* 5^ 1*5 37 22 

26 25 61 57 5^ 1*8 1*0 
C. P. Hall 3890-A 20 67 63 60 56 k9 38 

38 C. P. Hall 3890-A (20) 67 63 60 56 k9 
& Silicone L-l*5 ( 5) 

Plasticizer MT-5H 20 1*5 kQ 36 29 17 k 
Plasticizer MT-511 25 1*5 39 34 26 19 0 
VR-I Ester 20 5* 51 k6 1*2 35 19 
VR-I Ester 25 56 5i *7 *5 55 J-5 
10-A Plasticizer 20 5* 51 1*6 kk 37 27 
Dibutyl Sebacate 20 1*7 1*2 36 27 19 k 
Dibutyl Sebacate 25 1*2 36 30 23 13 0 
Adipol ODY 20 »*7 1*2 35 29 21 20 
Adipol ODY 25 31 28 22 13 t /10 
Ohopex R-9 20 »*3 32 22 11 i\ <2? 
Ohopex R-9 25 1*5 5 12 / 1 As /3* 
KP-555 20 59 55 52 kQ 1*2 32 
KP-555 25 60 56 53 50 1*5 35 

1      Monoplex S-71 20 59 52 1*3 27 13 / 1 
Mouoplex S-71 25 58 *7 35 22 9 / 7 
Mo Plasticizer (Hone) ^5 kl 36 31 26 

'            1 
WADC TR 54-62 2k 
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TABLE XVIII.    TR - Temperature Retractx-:: .VTt-er 4 Weeks Migration at 158°F. 

Parts Per 100 OR I 

Original After T-l T-2 *l2 T^ T-10 T-20 2=. 
Migration 

Forum 1*0 Oil 15 9.5 87 85 83 78 72 64 59 
Forum 40 Oil 20 11.6 87 85 83 79 72 64 60 
Forum 1*0 Oil 25 14.0 87 85 83 79 72 65 60 

Ho Plasticizer  None None 88   86   83   78 71 62 56 

Parts Per 100 GR-I 

Original  After 
Migration  T-40 T-50 T-60 T-70 T-80  T-90 

-v 
Forum 40 Oil 15 9.5 
Forum 40 Oil 20 11.6 
Forum 40 Oil 25 14.0 

No Plasticizer None None 

56 
56 

51 
52 
52 

46 
47 
1*6 

54  48  45 

42 
43 
41 

40 

36 
36 
33 

34 

18 
21 
17 

24 

*, 

WADC TR 54-62 iL-J 
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The formula is the name as shown ID Section A, for plastlcizers 
incompatible with butyl. 

TABLE XIX.   Modulus # 300% - Pounds per square inch 

Parts Per 
IOC GR-I 10 Min. 20 Min. 30 Min. 1*5 Min. 60 Min. 

C. P. Hall 3890-A 25 175 4oo 525 600 700 
Adipol 2 EH 20 l60 54o 680 825 910 
Adipol 2 EH 25 100 525 650 800 875 
10-A Plast. 25 HC 500 650 775 850 
C. P. Hall 389O-A (20) 150 450 525 675 775 
& L-4l Silicone {  5) 

C. P. Hall ^890-A (15) 150 500 560 750 825 
U L-41 Silicone (10) 
Di 2 Ethyl Hexyl Ether 20 225 425 575 700 850 
Dl 2 Ethyl Hexyl Ether 25 275 400 550 650 725 
Trioctyl Phosphate 20 150 500 600 6so 750 
Trioctyl Phosphate 25 75 375 500 550 625 
Butyl Celloaolve Pelargonate 20 350 600 725 875 950 
Butyl Celloaolve Pelargonate 25 225 450 600 725 850 
Butyl Carbitol Pelargonate 20 175 425 550 675 750 
Butyl Carbitol Pelargonate 25 175 375 500 600 725 
Biisobutyl Azelate 20 225 525 675 050 975 
Biiaobutyl Azelate 25 200 500 650 600 875 
Monoplex DOS 20 225 525 675 825 900 
Monoplex DOL 25 225 450 575 675 750 
Hexyl Ether 20 450 650 800 950 1000 

Hexyl Ether 25 300 475 575 750 800 

JSC indicates no cure. 

WADC TR 54-62 26 
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TABLE XX. Tensile at Break - Pounds per square Inch 

Parts Per 
100 GK-I  10 Mln. 20 Min. 30 Min. k$ Min. 6p Min. 

i 

.; 

c. 
& 

Di 
Di 

C. P. Hall 3890-A 
Adipol 2 EB 
Adipol 2 EH 
10-A Plast. 
C. P. Hall 3890-A 

L-4l Silicone 
P. Hall 3890-A 
L-4l Silicone 
2 Ethyl Hexyl Ether 
2 Ethyl Hexyl Ether 

Trioctyl Phosphate 
Trioctyl Phosphate 
Butyl Cellosolve Pelargonate 
Butyl Cellosolve Pelargonate 
Butyl Carbitol Pelargonate 
Butyl Carbitol Pelargonate 
Diisobutyl Azelate 
Diisobutyl Azelate 
Monoplex DOS 
Monoplex DCS 
Hexyl Ether 
Hexyl Ether 

25 1250 1775 1700 1650 1625 
20 1070 1910 1870 1750 1650 
25 '7TC 

1 • y 1725 1900 l600 1750 
25 MC 1900 1725 1875 1750 
(20) 
( 5) 
(15) 
(10) 
20 

1150 1875 1900 1875 1650 

1000 1900 1775 1650 1700 

i4co 1800 1825 1925 1775 
25 1625 1775 1800 1700 1800 
20 1325 2075 2075 1950 1800 
25 1000 1875 2050 1900 1850 
20 1625 1950 1850 1750 1625 
25 1625 1850 1825 1775 3.600 
20 1300 1950 1925 1775 1600 
25 11*25 2000 2000 1950 1700 
20 1500 1800 I9OO 1650 
25 1225 1675 1950 1825 1850 
20 1325 1925 1975 1950 1925 
25 825 2000 1875 1875 1900 
20 1675 1750 1750 1625 1550 
25 1500 1675 1775 1600 1^25 

TABLE XXI. Elongation g Break - Per cent 

C. P. Hall 3890-A 25 810 670 635 590 550 
Adipol 2 EH 20 800 680 6i»0 565 515 
Adipol 2 EH 25 830 650 630 525 510 
10-A Plast. 25 KC 680 615 595 530 
C. P. Hall 3890-A (20) 810 710 665 600 500 
81 L-4l Silicone ( t>) 

C. P. Hall 3890-A (15) 895 695 635 5*0 550 
& L-4l Silicone (10) 
Di 2 Ethyl Hexyl Ether 20 875 755 705 700 595 
Di 2 Ethyl Hexyl Ether 25 &>3 775 715 645 640 
Trioctyl Phoaphate 20 955 765 705 670 600 
Trioctyl Phosphate 25 9*5 7*5 7*0 675 635 
Butyl Cellosolve Pelargonate 20 755 7^5 655 575 500 
Butyl Cellosolve Pelargonate 25 870 730 655 610 $UQ 
Butyl Carbitol Pelargonate 20 800 750 685 620 505 
Butyl Carbitol Pelargonate 25 840 775 725 690 570 
Diisobutyl Azelate 20 900 695 68O 600 *95 
Diisobutyl Azelate 25 785 735 700 625 585 
Monoplex DOS 20 910 7JC 720 65O 615 
Monoplex DOS 25 680 815 725 680 660 
Hexyl Ether 20 7*5 605 610 475 455 
Eexyl Ether 25 800 700 680 ^65 490 

HC indicates no cure. 
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TABLE XXII.    Tear - Pounds per inch 

Parts Per 
100 OR-I 10 Kin. 20 Kin. 30 Nin. *5 MiR. 60 Min. 

C. P. Hall 389O-A 25 172 218 191 200 16* 
Adlpol 2 EH 20 150 236 200 174 169 
Adipol 2 EH 25 97 226 206 1*7 155 
10-A Plast. 25 SC 27* 202 178 160 
C. P. Hall 389O-A (20) 159 220 206 182 153 
& L-Ul Silicone ( 5) 

C. P. Hall 389°-4 (15) 130 258 199 189 171 
& L-*l Silicor* (10) 
Di 2 Ethyl Hexyl Ether 20 19* 208 22* 180 170 
Di 2 Ethyl Hexyl Ether 25 220 218 189 178 158 
Trioctyl Phosphate 20 20* 280 226 220 19* 
Trioctyl Phosphate 25 109 22* 218 195 199 
Butyl Cellosolve Pelargonate 20 2a 238 192 I69 159 

1*5 Butyl Cellosolvc Pelargonate 25 188 218 179 168 
Butyl Carbitoi Pelargonate 20 250 238 195 216 150 
Butyl Carbitoi Pelargonate 25 202 22? 212 208 178 
Diisobutyl Azelate 20 19^ 23* 236 189 189 
Diisobutyl Azelate 25 222 260 208 190 206 
Monoplex DOS 20 202 238 21* 188 182 
Monoplex DOS 25 173 22* 19* 189 20* 
Hexyl Ether 20 23* 20* 186 172 151 
Hexyl Ether 25 226 230 192 155 1** 

TABLE XXIII.   Hardness (Shore Puroaeter Type A) 

C. P. Hall 3890-A 25 3* 1*0 ** *6 *7 
Adlpol 2 EH 20 37 ** *7 *9 51 
Adlpol 2 EH 25 3* *3 *5 *8 *9 
10-A Plast. 25 K *2 *5 *8 *9 
C. P. Hall 3890-A (20) 35 *1 ** *6 *7 
& L-*l Silicone ( 5) 

' 

C. P. Hall 389O-A (15) 35 *1 ** *6 *7 
* L-*l Silicone (10) 

Di 2 Ethyl Hexyl Ether 20 39 *3 *5 *7 *8 
Di 2 Ethyl Hexyl Ether 25 39 *2 ** *6 *8 
Trioctyl Phosphate 20 35 ** *5 *6 *8 
Trioctyl Phosphate 25 32 Jfl *3 kk ** 
Butyl Cellosolve Pelargonate 20 *o *5 *8 51 52 
Butyl Cellosolve Pelargonate 25 36 42 *5 *8 *9 
Butyl Carbitoi Pelargonate 20 38 ** *6 *8 *9 
Butyl Carbitoi Pelargonate 25 3* *C ** *6 *8 
Dilsobutyl Azelate 20 39 *5 *8 50 52 
Diisobutyl Azelate 25 35 i« *5 *7 *9 
Monoplex DOS 20 39 ** *6 *9 50 
Monoplex DOS 25 35 *1 ** *6 *7 
Hexyl Ether 20 k2 *7 50 52 53 
Hexyl Ether 25 39 *2 *5 *7 *9 

HC indicates no cure. 
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TABLE XXIV. 

Rebound (GooAyear-Eealv) 6n Mins % 26j°F. 

Eabrittlement (American Cyanaaid-Gr&ves) 6o Min. € 287°F. 

TR (40# Retraction - Original Elongation 50$) 60 Min. 9 2&7°P. 

Parts Per 

- 
100 GR-I Rebound Eabr Lttleaent TR 

C. P. Hall 3890-A 25 58.4* 0K@ -72°F -70°P 
Adipcl 2 EH 20 58.4 -71 -71 
Adipol 2 EH 25 58.1* -72 -72 
10-A Piast. 25 57-v -72 -74 

V C. P. Hall 3890-A 
& L-4l Silicone 

(20) 
( 5) 

53.9 -72 -71 

• C. P. Hall 3690-A (15) 50.1 -72 -67 r & L-4l Silicone (10) 
- Di 2 Ethyl Hexyl Ether 20 57. 4* OK 3 -78<V. -76°F 

Di 2 Ethyl Hexyl Ether 25 60.0 H -76 -74 
Trioctyl Phoup^ate 20 51.5 

n -63 -70 
i Trloctyl Phosphate 25 57-9 

II -76 -72 
Butyl CellosolTe Pelargonate 20 OH.1 

11 -72 -74 
~ Butyl Cellosolve Felargonate 25 66.8 11 -78 -77 
.• Butyl Carbitol Pelargonate 20 61.5 it -72 -67 
\ Butyl Carbitol Pelargonate 25 61.0 

it -76 -67 
.. Diisobutyl Azelate 20 57-9 -72 -66 

Diisobutyl Azelate 25 61.0 11 -72 -68 
rfaaoplex DOS 20 5*. 9 11 -67 -70 

& Monoplex DOS 25 56.9 
it -72 -73 

--. Hexyl Ether 20 64.1 11 
-71 -72 

- * Hexyl Ether 25 64.1 it -74 -72 

w. 

m 

WADC TR 54-62 29 
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TABLE XXV. TR sgperature Retraction 

Temperature io minus degrees Fahrenheit for percentage retraction indicated (T-3, 
T-5, etc.) 

• 

Parts Per 
100 -3K-I T-3 ±1 T-10 T-20 Iz30 

C. P. Hall 3&90-A 25 - 39 88 81 72 
Adipol 2 EH 20 89 88 82 78 75 
Adipol 2 EH 25 89 88 82 79 76 
10-A Plasticizer 25 - 89 87 82 78 
C. P. Hall 389O-A (20) 89 87 83 78 7* 
& L-4l Silicone ( 5) 

C. P. Hall 389OA (15) «o 
—y 87 83 7^ 69 

& L-41 Silicone (10) 
Di 2 Ethyl Hexyl Ether 20 - - 87 Ok 81 
Pi 2 Ethyl Hexyl Ether 25 - - 85 82 79 
Trloctyl Phosphate 20 - - 83 78 7^ 
Trioctyl Phosphate 25 - - 80 78 76 
Butyl Cellosolve Pelargonate 20 - 87 86 82 78 
Butyl Cellosolve Pelargonate 25 - - 87 83 81 
Butyl Caroltol Pelargonate 20 - 85 83 77 72 
Butyl Carbitol Pelargonate 25 - 85 83 77 72 
i?iieobutyl Azelate 20 - 85 63 77 72 
Dlisobutyl Azelate 25 - 87 83 78 72 
Monoplex DOS 20 - 87 6k 79 7^ 
Monoplex DOS 25 - 87 85 82 77 
Hexyl Ether 20 - - 86 82 76 
Hexyl Ether 25 

Parts Per 

86 82 76 

100 OR-I T-40 T-50 T-60 T-70 T-80 T-; 

C. P. Hall 3890-A 25 70 66 63 59 53 42 
Adipol 2 EH 20 71 69 63 62 «* kk 
Adipol 2 EH 25 72 69 65 62 5a kl 
10-A Plasticizer 25 7^ 71 67 62 57 k5 
C. P. Hall 3890-A (20) 71 67 62 57 53 38 
& L-lfl Silicone ( 5) 

C. P. Hall 3890-A (15) 67 66 60 56 k9 38 
& L-4i Silicone (10) 
Di 2 2thyl Hexyl Ether 20 76 72 68 63 56 ko 
Di 2 Ethyl Hexyl Ether 25 7^ 71 67 59 51 35 
Trioctyl Phosphate 20 70 67 63 59 5* k2 
Trloctyl Phosphate 25 72 70 66 63 55 ^5 
Butyl Cellosolve Pclargoiii't.J 20 Ik 72 6S 6k 58 ^5 
Butyl Cellosolve Pelargonate 25 77 73 70 65 60 U5 
Butyl Carhitol Pelargonate 20 67 65 59 5* k9 ko 
Butyl Carbltol Pelargonate 25 67 65 59 55 k9 38 
Dlisobutyl Azelate 20 66 65 60 56 51 kl 
Dlisobutyl Azelate 25 68 65 61 57 51 ko 
Monoplex DOS 20 70 66 63 58 53 kl 
Monoplex DOS 25 73 70 66 62 55 43 
Hexyl Ether 20 72 68 6k 60 53 37 
Hexyl Ether 25 72 67 63 58 50 32 

30 

i-y 
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TA3LR XXVI.      TR - Temperature Retractloo After 4 «eeka Migration at 158°F. 

Parts Per 100 

After 
Original* Migration** •12 T-3 1=5 T-10 T-20 2b 

25 9.6 87 85 83 75 68 63 
20 8.8 87 84 80 74 67 62 
25 10.9 87 86 83 74 67 63 
25 10.7 - 86 83 75 67 63 
20 14.0 86 _ 81 74 66 63 
25 18.2 87 - 80 72 64 58 
20 6.6 83 - 80 72 65 60 
25 7-7 83 - 80 72 66 61 

A)    20 12.2 85 - 81 74 65 6o 
* 25 18.9 86 - 83 73 63 58 

20 9-9 85 . 80 72 65 60 
25 11.8 86 - 83 75 69 63 
20 8.7 87 - 85 79 71 67 
25 10.8 86 - 83 77 70 63 
20 11.0 85 - 83 76 69 64 
25 4.5 85 - 83 76 69 64 
20 18.2 82 - 80 72 63 59 
25 21.6 87 - 83 81 68 62 

C. P. Hall 3890-A 
Adlpol 2. EH 
Adipol 2 EH 
10-A Plasticizer 
SI 2 Ethyl Hexyl Ether 
Dl 2 Ethyl Hexyl Ether 
Trioctyl Fhosph&te 
Trloctyl Phosphate 
Butyl Cellosolve Pelargonate 
Butyl Cellosolve Pelargonate 
Butyl Carbitol Pelargonate 
Butyl Carbitol Pelargonate 
Dllsobutyl Azelate 
Diisobutyl Azelate 
Moooplez DOS 
Monoplex DOS 
Hexyl Ether 
Hexyl Ether 

Hatural Rubber Tube        4.0     4.0      83  8l  80  78   75   72 
Compound 

I 
•0TB: 

* Parts per 100 <M-1 original. This refers to the parts plasticizer per 100 parts 
butyl hydrocarbon which was added to the compound. 

*» Parts per 100 OR-1 - after migration. Based on the veigkt loss of the soople 
851 Bg migration and assuming that th* entire weight change is due to loss of 
plasticizer, this value is determined by subtracting the amount lost from the 
original and represents the amount of plasticizer retained after migration and 

; V 1, expressed in parts plasticizer per 100 parts butyl hydrocarbon. 

WADC TR 54-62 
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TABLE XXVI.  (Contd.) 

Parts Per 100 GB-I 

• After 
Original* Migration** T-4C T-50 T-bC ) T-70 T-80 T^o 

C. P. Hall 3890-A 25 9.6 58 5^ 51 46 40 29 
Adlpol 2 EH 20 8.8 58 54 51 46 42 32 
Adipol 2 EH 25 10.9 58 5^ 51 45 39 27 
IG=-A Plasticizer 25 10.7 58 5^ 51 46 38 27 
Di 2 Ethyl Hexyl Ether 20 14.0 56 5^ ^9 44 38 26 
Di 2 Ethyl Hexyl Ether 25 18.2 53 43 44 31 29 13 
Trioctyl Phosphate 20 6.6 56 53 48 40 38 35 
Trioctyl Phosphate 25 7-7 56 52 48 40 36 20 
Butyl Cellosolve Pelargonate 20 12.2 56 52 47 45 38 24 
Butyl Cellosolve Pelargonate 25 18.9 56 52 47 45 38 24 
Butyl Carbltol Pelargonate 20 9.9 5e 53 49 45 42 29 
Butyl Carbltol Pelargonate 25 11.8 60 56 53 47 4o 24 
DiiBobutyl Azelate 20 8.7 62 58 54 49 44 29 
DllsobutyJ. Azelate 25 10.8 60 57 53 47 42 27 
Monoplex DOS 20 11.0 60 55 52 47 4l 26 
Monoplex DOS 25 4.5 60 5* 50 45 38 23 
Hexyl Ether 20 18.2 5^ ^9 46 41 35 22 
Hexyl Ether 25 21.6 56 53 49 44 37 28 

3atural Rubber Tube 
Compound 4.0 4.0 71 68 38 

•CTE: 

* Parts per 100 CB-I original. This refers to the parts plasticizer per 100 parts 
butyl hydrocarbon vblcL -»%8 added to the compound. 

** Parts per 100 OR-1 - aft>sr migration. Based on the weight loss of the sample 
during Blgration and assuming that the entire weight change is due to loss of 
plasticizer, this value ic determined by subtracting the aaount lost fro* the 
original and represents the aaount of plastielaer retained after migration and 
is expressed in parts plasticlzer per 100 parts butyl hydrocarbon. 

WADC TR 54-62 32 
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£. FIGH PIASHCIZEB HIGH CAKBOS BIACK 

Forwula 

CR-I IB 100 
Zinc Oxide 5 
Captax/Tuada 1.5* 

(1:2 Blend) 
Sulfur 2 
MAP Blbek* Variable 
Plaaticlaei** Variable 
Caring teaperatura 287°P 

«KAF Black Philblack A 
••piaatic liters 

a. C. P. Hall's 
b. Ohio Apex 
c. Ohio Apex 

3890-A 
10-A 
Adipol 2 EH 

*• 

TABLE XXVII. 

Modulus g 300% - Pounds per square laah 

Parts   Parts 
Plaati-  MA? 
cizcr   Black 10 Mia.   20 Min.   30 Min.   k5 Mia. 

Plasticlzer - C. P. Hall's 389O-A 

25 
30 
30 

55 
55 
60 

175 
100 
75 

Ohio Apax 10-A Plaaticiser 

350 
350 
350 

45C 
1*00 
V50 

650 
550 
600 

60 Min. 

725 
65O 
700 

25 55 75 1*00 550 725 775 
30 55 50 375 ^75 625 700 
30 60 175 425 575 675 750 

Ohio Apex Adipol 2 EH 

25 55 175 H25 625 750 800 
30 55 150 350 525 650 750 
30 60 175 1*25 550 650 750 

WADC IB 5*-62 33 
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TABLE XXVIII. 

Tensllc-4* Break - Pound* per-square Inch 

Parts   Parts 
Plasti  MAF 
ciser   Black    10 Min. 20 Min. 30 Min. 45 Min. 60 Min. 

Plasticiser - C. P. Hall's 389O-A 

25     55     1250 1900 1875 1825 1750 
30     55     1000 1900 1850 1775 1750 
30    60     700 1800 1925 1825 1650 

Ohio Apex 1G-A Plasticizer 

25     55     750 2100 1950 1825 1725 
30     55     375 1875 1975 1825 1700 
30     60     1375 1775 1900 1775 1575 

Ohio Apex Adipol 2 EH 

25     55     1250 1825 1975 1750 1600 
30    55    1200 1875 1875 1700 1850 
30    60    1400 1300 1750 1700 1550 

TABLE XXVIX. 

Elongation 8 Break - Per cent 

Plaaticixer - C. P. Hall's 3890-A j 
25     55      810 
30     55     800 
30     60     1025 

770 
775 
780 

725 
730 
760 

650 
665 
670 

605 
630 
585 

Ohio Apex - 10-A Plasticiser 

25     55     1050 
30     55     1050/» 
30    60     900 

80O 
780 
730 

730 
740 
715 

620 
640 
640 

570 
600 
565 

Ohio Apex Adipol 2 EH 
\ 

25     55      825 
30     55     870 
30    60     880 

7*5 
775 
74o 

710 
685 
660 

600 
615 
610 

535 
620 
565 

*This elongation value beyond the limits of the Machine 

1 >> 

"•>. 

VADC TB 54-62 3* 
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TABLE XXX, 

Tear - Pounds per Inch 

. 

Parts   Parts 
Plasti- NAP 
cizer   Black    10 Min. 20 Min. 30 Min. k5 Min. 60 Min. 

Plastlcizer • C. P. Ball's 3890-A 

25     55     162 
30     55     103 
30     60      99 

216 
190 
2*6 

21V 
182 
224 

167 
1M9 
182 

152 
180 
181 

Ohio Apex 10-A Plastlcizer 

25     55     105 
30     55      59 
30     60     175 

228 
2H2 
26V 

2*0 
236 
230 

190 
179 
212 

167 
169 
183 

Ohio Apex Adipol 2 BB 

25     55     175 
30     55     130 
30     60     170 

222 
230 
236 

19* 
188 
208 

183 
169 
228 

178 
151 
182 

TABLE XXXI. 

Hardness (Snore Puroaeter Type A) 

Plastlcizer - C. P. Ball's 3890-A 

55 25 
30 
30 

55 
60 

35 
33 
32 

Ohio Apex 10-A PlAstlclzer 

25 
30 
30 

55 
55 
60 

33 
29 
35 

Ohio Apex Adipol 2 EH 

25 
30 
30 

55 
55 
60 

36 
33 
35 

HADC TR 54-62 

ko 
ko 

kl 
39 

k2 
39 

35 

kk 
k* 

kk 
k?. 
45 

45 
kk 
45 

k6 
kk 
45 

47 
i«4 
*7 

47 
*5 
k6 

ka 
45 

ko 
k6 

k9 
k6 
ka 
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SABLE XXXH. 

Rebound (aGodyear-Heii4y) 60 Min. ft 287°?. 

Eehrittleaent (Aaeriean Cj*nimid-Qrave») 60 Min. @ 287°F. 

ER (*«# Retraction - Original Elongation 50) 60 9 287°P. 

v 

Parts       Parts 
Plastieisar  MAP Black Bebwund Eabrittlenent. TO 

Plasticiser-C. P. Ball's 3890-A 

25          55 
30          55 
30          60 

56.9* 
59.0 
58.4 

OK 8 
11 

-7l°P. 
-74 
-71 

-72°F 
-73 
-72 

Ohio Apex 10-A Plasticiser 

25           55 
30           55 
30           60 

60.0 
61.5 
61.5 

11 

:» 
H 

-7^ 
-7^ 
-76 

-71 
-72 
-73 

Ohio Apex Adipol 2 EE 

25            55 
30            55 
30            60 

61.5 
63.6 
60.5 

II 

It 

II 

-76 
-80 
-80 

-7^ 
-76 
-75 

ks: In Boae cases high plasticiser and high black with a high plasticity 
elastomer results in a compound with improved low teoperature 
properties• 
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TABLE XXXIII.   TR - Teiroerature Retraction Data 

Teeperature In sinus degrees Fahrenheit for percentage retraction indicated 
(T-5, T-10, etc.) 

r 

Parts Per 100 QR-I 

Plasti   NAP 
cizer   Black  T-3  T-5  T-10 x-20 x-30 T-40 T-50 T-60 T-70 T-80  g-90 

25 55 
30 55 
30    6c 

2<5 
30 55 
30 60 

Plasticiser C. P. Ball's 3890-A 

87 85 80 75 72 69 65 62 55 43 
37 85 81 76 73 70 67 62 55 42 
87 85 80 76 72 69 66 62 55 42 

Ohio Apex 10-A Plasticiser 

0 

** J 84 79 75 71 69 65 62 56 *5 
87 84 80 76 72 70 66 62 55 42 
87 85 81 77 73 70 67 62 56 43 

i 

Ohio Apex Adipol 2 SB 

I 

I 

25 55 
30 55 
30 60 

88 86 81 77 7V 71 67 63 58 46 
AA 87 82 79 76 72 69 65 60 48 
88 87 82 78 75 72 68 64 59 47 

TR - Teoqperature Retraction After 4 Weeks Migration At 158°F. 

Plasticiser C. P. Rail's 389O-A 

30    55   86  82   75  67  62  58  54  49 

Ohio Apex IO-A Plasticiser 

30    55   86  81   74  66  63  56  5^ 

Ohio Apex Adipol 2 SB 

30    55   86  83   76  67  63  58  52 

49 

49 

45 

44 

45 

38 20 

38 20 

40   24 

"A- ' 
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*.    SPEOIAL ACTIVATE** AOEWS - FOLXAC ABD H&UUBAC 

"omilt 

OR-I lfl 
Zinc Oxiia 
MAF Black 
Captax/Tuada 

(1:2 Bland) 
Sulfur 
Adlpol 2 EH 
Polyac 
Tellurac 

Polyac Tellurac 

100. 
5. 

55. 
1.5* 

100. 
5. 

55. 
1.5^ 

2. 
20. 

2. 
20. 

• t- 

• 5 

183.94 lBU.o* 

:- 

Description of Materials 

Polyac - £. 1. du Pont 

25)( poly-dinitroso benzene 
75* inart aatarial 

Tellurac - R. T. Vanderbllt 

Telluriua diettayldithiocarbaaate 

Praoessing 

Polycc was added to batch in Banbury mixer and batch 
discharged after temperature reached 300°F. 

Tellurac is added in final aix on 6x12 mill along 
with sulfur and accelerator. 

VADC TK 5V-62 38 
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TABLE XXXIV. 

10 Mia. 20 Kin. 30 Kit u 45. Kin. 60 Min. 

Modulus at 300$ - Pounds i*r  • quare inch 

1050 
700 

U75 
875 

Polyac.          250 
Tellurac         275 

900 
575 

1275 
925 

Tensile @ Break - Pounds per square inch 

lflOO 
1725 

1750 
1525 

Polyac         1100 
Tellurac       1550 

1875 
1975 

1700 
1400 

Elongation <9 Break - Per Cent 

Polyac          760 
Tellurac        830 

600 
7l»0 

555 
630 

*70 
505 

430 
455 

Tear - Pounds per inch 

Polyac          131 
Tellurac        195 

250 
223 

201 
15* 

153 
169 

149 
152 

Duroneter 

Polyac           36 
Tellurac         39 

44 
45 

47 
48 

49 
50 

51 
52 

Rebound iabrlttleae nt   TR 

Polyac 
Tellurac 

6l.0$ 
61.5 

0K« -7l°P. 
-71 

-70°F. 
-69 

TABLE XXXV.  TR - Txsperature Retraction Data 

.# -»»..- 

Teaperature aata in minus degrees Fahrenheit for percentage retractions T-5# T-10, 
etc.) indicated. 

••• 

T-5 
T-IO 
T-20 
T-30 
T-4o 
T-50 
T-60 
T-TO 
T-80 
T-90 

Polyac 

87 
83 
78 
74 
70 
67 
63 
60 
56 
47 

TeHurae 

85 
83 
77 
72 
69 

f7 63 
60 
55 
48 

KADC TR 54-62 39 
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^WIUM 

G. COMMERCIAL CARBOI BLACKS IS BOTH. 

Formula 

OB.-I 18 100. 
Zinc Oxide 5. 
Carbon Black 
Captax/Tuads 

(1:2 Blend) 
Sulfur 

55. 
1.54» 

2. 
Adipol 2 m 20. 

iB3.5^ 

• 

i 

Curing temperature 287°?. 

* Accelerator used with ETC black 2.2 parte. 

TABLE XXX7I. 

Black                   10. Mia. 20 Mln. 30 Mln. 4j Mln. 60 Mln. 

Modulus g 300% - Pounda per square Inch 

Themsax              IC     150 175 250 250 
P-33               75 100 125 17? 150 
SHF                75 275 325 475 500 
MAP                l6o     54o 680 825 910 
HAP               225 475 625 825 950 
ETC*              125     350 470 590 690 
SAP                   I60 478 650 820 1000 

Tenslla 8 Break - Pound* per square Inch 

Thermx               XC 2450 2500 2375 1750 
P-33               800 1425 1775 1675 1875 
SHF                32^ 1900 2250 2225 1925 
MAP                 10*; „• 1910 1870 1750 1650 
EAF                 1825 2225 2275 2200 2175 
EPC»                1275 25*i0 2510 2520 2570 
SAP                  1500 249O 2500 2400 2350 

Elongation ft Break - Per cent 

Thers*x             IC     88r 855 745 690 
P-33              830    755 755 715 700 
£;«               1045     775 v90 670 660 
BAF                945     780 715 625 570 
EPC*              lw40     870 780 730 695 
SAP                  1020      820 725 645 590 

* On account of retardation to cure of EPC black, accelerator for this black la 
22 parts instead of 1.54 parts as on all of the other blacks. 

IC indicates no cure. 
WADC TR 54-62 40 

- . I • 

t. ••.-.J.J.V-,- 



'.CABLE XXXVI. (Contd.) 

•>:SMHn 

Black 

Tear - Pounds per inch 

Ther«ai 
F-33 
SRF 
MAP 
HAP 
ETC* 
SAP 

10 Ml- ,  20 Mln.   30 Win. 

HC 
188 
63 
150 
280 
196 
232 

Hardness (Shore Duronetcr Type A) 

Theraax 
P-33 
SRP 
MAP 
HAP 
EPC* 
SAP 

TABLE XXXVII. 

21 
32 
30 
37 
37 
^3 
37 

177 
152 
187 
236 
320 
325 
3*6 

31 
36 
38 
44 
*3 
42 
kk 

133 
119 
125 
200 
280 
306 
342 

35 
38 
1*1 
1*7 
46 
kk 
kl 

»5 Mln. 

51 
85 
97 

243 
295 
310 

36 
39 
43 
k9 
)*8 
k6 
k9 

Rebound (Ooodyemr-Healy) 60 6 287°P. 
Eabrittleaent (American Cyanaaid-araves) 60 @ 287°P. 
TS (kOf, Retraction—Original Elongation 50*) 60 § 287°P. 

60 Mln. 

kl 
53 

107 
169 
233 
295 
2o6 

37 
ko 
*5 
51 
1*9 
^7 
51 

Black Rebound Embrittleaeat 

? 

TR 

Theraax 63.6* 0K@ -65°P. -TT*P 
P-33 64.1 n -69 -7* 
SRP 64.6 11 -67 -71 
SAP 58.* it -71 -69 
SAP 55^9 

»; -71 -69 
KPC* 53.7 

11 -62 -69 
SAP 46.0 11 -60 -68 

* On account at retardation to cure of EPC black, accelerator for this black is 
2.2 parts Instead of 1.54 parts as on all of the other blacks. 

i 
Blacks used for this program 

SRP Witco SRP 
MAP Philblaek A 
HAP Phllblack 0 
EPC Sid Richardson's Texas 
SAP Phllblack E 

E 
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TABLE XXXVIII. TO - Teaperature Retraction 

Temperature data in minus degrees Fahrenheit for percentage retractions (T-3, 
T-5, etc.) indicated. 

Black  T-3  T-5  T-10  T-20  T-30 >S-kQ     T>50  T-60  T-70  T^flO  T-90 

Thermax -   87  85   81   80   77   75   72   72   66   57 

P-33  87  86  83   80   78   Ik        72   71   65   60   47 

SRF 

MAP 

HAT 

EFC 

SAP 

87 8k 79 7k 71 71 69 63 60 1*9 

87 82 78 72 69 68 63 60 3k k$ 

87 83 77 72 69 65 61 56 50 36 

87 81 76 72 69 65 62 57 5.1 37 

87 83 76 72 68 63 60 $k k9 35 

H. VARIABLE CAHBOI BIACK LOADING II BUTYL 

Formula 

' 

GR-I 18 100. 
Zinc Oxide 5. 
Carbon Black Variable 
Captax/Tuads 1.5k* 

(1:2 Blend) 
Sulfur 2. 
Adipol 2 EH 5*\ 

* Account retarding effect of EPC black the amount of accelerator is increased and 
is as follow.: 

Parts EFC Black      Accelerator 

55 
k5 
35 

2.20 
2.08 
I.96 

WADC TR 5^62 k2 
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TABLE mn. 
I 

Black 10 MlQ. 20 Mln.   30 Mln.   45 Win.    60 Mta. 

Modulus g 300& - Pounds per square Inch. 

MAF 55 
" 45 
" 35 
EPC*55 
" 45 
" 35 
SAP 55 
" 45 
"  35 

160 
150 
75 
125 
100 
75 
160 
125 
75 

540 680 825 
450 575 700 
275 325 425 
350 470 590 
350 400 525 
250 300 350 
475 650 820 
400 500 700 
300 375 475 

910 
800 
500 
690 
600 
425 
1000 
775 
600 

Tensile 8 Break - Pounds per square inch 

MAF 55 
- 45 
"  35 

" 45 
" 35 
SAF 55 
» 45 
"  35 

1070 
1250 
375 

1275 
1175 
675 
1500 
1575 
825 

1910 1870 1750 
2200 2250 2000 
1575 2325 2175 
2540 2510 2520 
2700 2725 2725 
2900 2875 2675 
2490 2500 2400 
2800 2875 2775 
2875 2925 2775 

1650 
1850 
1775 
2570 
2675 
2625 
2350 
2825 
2625 

Elongation 6 Break - Per cant- 

HAT 55 
"  45 
" 35 
EPC*55 
" 45 
" 35 
SAF 55 
" 45 
"  35 

800 
980 
960 
1040 
1070 
1105 
1020 
845 
835 

680 640 565 
765 700 610 
800 790 745 
870 780 730 
845 765 700 
955 875 785 
££0 725 645 
810 775 675 
825 785 700 

515 
555 
640 
695 
670 
740 
590 
660 
650 

* See Page 42 
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TABLE XL. 

Black 10 Mil-.. 20 Min.   30 Mia.   45 Min. 60 Min. 

Tear - Founds per inch 

MAF 55 150 236 200 174 169 
»  1*5 11*6 216 188 152 146 
"  35 88 194 112 111 88 
EPC»55 196 325 306 295 295 
"  1*5 129 282 278 230 204 
"  35 75 21*0 264 163 113 
SAF 55 232 31*6 342 310 296 
"  1*5 290 358 33* 296 282 

27 138 283 224 224 215 

Hardness (Shore Duroaetex Type A) 

MA? 55 37 1*1* 47 49 51 
"  1*5 3k 1*0 44 46 48 
M  35 30 38 40 42 43 
EPC*55 33 1*2 44 46 vr 
"  1*5 30 39 41 *3 45 
"  35 29 37 29 41 42 
SAP 55 37 1*4 47 *9 51 
"  1*5 35 1*1 43 45 vr 
"  35 30 38 40 41 42 

TABLE XLI. 

Rebound (Goodyear-Healy) 60 Min. 9 287°P. 
Eabrittleaent (American Cyanmald-G^&Tes) 60 6 287°F. 
TS (400 Retraction-Original Elongation 500) 60 6 287°F. 

- 

• 

Black 

MAP 55 
" 45 
" 35 
£PC»55 
"  45 
" 35 
SAF 55 
- 4p 
"  35 

Rebound 

58.40 
59-0 
62.0 
53.7 
55.4 
59.0 
46. 
49.6 
55.9 

Eabrittleaent TR 

OK e -71°C -70°c. 
"   -71 -71 

-71 -7* 
-62 -71 

"   -65 -72 
-67 -72 
-60 -65 

"   ~65 -67 
-72 -72 

* See Page 42 

VADC TR 5^-62 44 

I 



TABLE XLU.   TR - Te6p*?aturc Rctractioa Data. 

Temperature data in minus degrees Fahrenheit for percentage retractions (5-3» T-5# 
etc.) indicated. 

Black T-5      T-10      T-20      T-3C      T-to      T-50      T-60      T-70      T-80      T-90 

\mf 

V- 

: 

01 

I 

MAP 55 * 89 82 76 72 57 67 63 60 55 *3 

r  *5 - 89 81 76 73 71 68 66 62 58 VT 

"  35 - 86 81* 80 1 ( f* 72 69 65 60 51 

KPC 55 88 dk 31 76 73 71 67 63 58 53 36 

"  1*5 - 88 85 79 7k 72 68 6k 62 55 kx 
,.  35 •a 87 83 79 7* 72 69 65 62 56 k2 

SAP 55 - 8fc 82 74 70 65 62 58 53 »*5 30 

"  1*5 87 85 81 75 71 67 63 60 5* *7 27 

"  35 _ 87 Qk 80 76 72 69 65 62 5* 23 

I.    VARIABLE ZINC OXIDE IH BUTYL 

Formula 

OR-I 18 100. 
MAF Black 55. 
Captax/Tuad8 1.5^ 

(1:2 Blend) 
Sulfur 2. 
Adipol 2 m 20. 
Zinc Oxide Variable 
Curing temperature 287°F. 

r - 
VASC IS 5^-62 *5 
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TABLE XLIII. 

Part* Zinc Oxide 
Per 100 GR-I     10 Min. 20 Min. 30 Min. k5 Min. 60 Min. 

Modulus 6 300$ - Founds per square inch 

675 
680 
650 
625 

800 
82? 
800 
800 

3          175 
5          l60 

10          150 
20           100 

525 
5*0 
500 
1*50 

875 
910 
900 
8T5 

Tensile 6 Break - Pounds pez* square inch 

1825 
1870 
1625 
1650 

1725 
1750 
1650 
1675 

3          650 
5         1070 

10       1150 
20          900 

1975 
1910 
1750 
1675 

1625 
1650 
1650 
1550 

Elongation 6 Break - Per cent 

3          775 
5          800 

10        870 
20          933 

710 
680 
645 
680 

650 
6ito 
580 
595 

580 
565 
535 
550 

5*0 
515 
505 
510 

Tear - Pounds per inch 

3          103 
5          150 

10        133 
20          107 

203 
236 
226 
216 

200 
200 
218 
199 

178 
17l» 
198 
19* 

160 
169 
167 
192 

Hardness (Shore Duroaeter Type A) 

3           36 
5          37 

10          37 
20          38 

'•5 
kh 

H6 
^7 
kQ 
kQ 

^9 
*9 
50 
51 

51 
51 
52 
52 

. 

' 
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TABLE XLIV. 

Rebound (Goodyear-Healy) 60 Min. 3 287°F. 

Embrittleaent (American Cyonunid-Oraves) 60 Hln. 8 287°F, 

TR {k&f> Retraction - Original Elongation 50#) 60 Min. © 287°P. 

§• 

Parts Zinc Oxide 
Per 100 GR-I 

3 
5 

10 
20 

Rebound 

57. ty 
58. k 
57.9 
56.9 

Embrittlenent 

OK 9 -6T°C. 
ti -71 
n -63 
II -63 

TR 

-63°c. 
-69 
-69 
-69 

* ; 

|| 

TABLE XLV. TSL =  Tesgwature Retraction Data 

Temperature data in minus degrees Fahrenheit for percentage retractions (?-3, T-5, 
etc.) indicated. 

Parts Zinc Oxide 
Per 100 GR-I      T-3 T-5_ T-10 T-20 T-30 T->>0 T-50 T-60 T-70 T-80 T-90 

3 
5 

10 
20 

89 87 83 78 68 63 60 58 55 5* vr 
89 85 82 75 68 69 6k 58 55 51 kk 
89 87 85 76 72 69 66 53 58 52 kk 
89 87 85 76 72 69 66 63 58 53 k5 

4~ 
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J. VARIABLE ISOPRESE COHTEW DS BU2TL 

Foranla 

Butyl* 100. 
Zicc Oxide 5. 
MAT Black 55. 
Captax/Tuads 1.5k 

(1(2 Blend) 
Sulfur 2. 
Adipol 2 EH 20. 

183.5^ 

* Grades of butyl investigated »_r* &s follows: 

% Isopreoe 

GR-I 35 
GR-I 
GR-I 15 
GR-I 25 

1.0 
2.0 
2.5 
3.0 

TABLE XLVT. 

Per Cent 
Butyl   Isopreoe  10 Mia. 20 Min. 30 Min, k5 Hin. 60JM 

Modulus G 3004 - Pounds per square inch 

k25 
550 
750 
850 

550 
750 
900 
1050 

GR-I 35   1.0*     HC 
GR-I      2.0     250 
GR-I 15   2.5      250 
GR-I 25   3.0     UOO 

325 
450 
575 
700 

650 
875 
1025 
1150 

Tensile % Break - Pounds per square inch 

I6OO 
1750 
1750 
1500 

1600 
I65O 
1575 
1^50 

GR-I 35  1.0*   nc 
GR-I      2.0     125*0 
GR-I 15   2.5     1^50 
GR-I 25   3.0     1525 

1525 
1750 
1725 
l600 

1775 
16CC 
1575 
lk25 

Elongation © Break - Per cent 

GR-I 35   1.0*     HC 
GR-I      2.0     800 
GR-I 15   2.5      820 
GR-I 25   3.0     780 

730 
720 
685 
625 

675 
675 
635 
530 

650 
565 
515 
*25 

615 
515 
H6o 
375 

KC indicates no cure. 
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TABLE XLYI.  (Contd.) 

Per Cent 

4 Butyl Ie.oprene 10 Kin. 70  Mln. 30 Mln. *5 Mln. 60 Mln. 

• Tear - Pcands -per  Inch 

HC 
210 
218 
2*6 

199 

226 
212 

236 
236 
220 
19* 

238 
222 
181 
172 

QR-I 35 
GR-I 
GR-I 15 
OE-I 25 

1.0* 
2.0 
2.5 
3.0 

216 
IB* 
163 
160 

Hardness (Shore Duroneter Type *l 
GR-I 35 
GR-I 
GR-I 15 
GR-I 25 

1.0* 
2.0 
2.5 
3-0 

HC 
33 
*o 
*2 

39 
** 
*6 
*7 

1(2 
*6 
*8 
*9 

** 
*8 
51 
52 

*9 
*2 
55 

TABLE XLVII. 

'- 

Butyl 

Rebound (Goodyear-Eealy) 60 9 2&J°F. 
Eabrlttlement (American Cyanamid-Graves) 60 © 287°F. 
TR (*0* Retraction - original Elongation 50*) 60 0 267°F. 

Per Cent 
Isoprene Rebound Eahrittleaent TR 

GR-I 35 
GR-I 
GR-I 15 
GR-I 25 

1.0* 
2.0 
2.5 
3.0 

*9.1* 
52. 
5*.9 
59.0 

-71°F. 
-71 
-71 
-72 

-6B°P 
-67 
-60 
-70 

TB at *0* Retraction - Coaparl Ton of versus State of Cure 

20 Mln. 30 Mln. *5 Mln. 60 Mln. 

GR-I 35 
GR-I 
GR-I 15 
GR-I 25 

1.0* 
2. 
2.5 
3.0 

-63°F. 
-6* 
-66 
-68 

-67°F. 
-S8 
-69 
-71 

-68c>. 
-68 
-69 
-71 

-68°P. 
-67 
-68 
-70 

Eahrittleaent - Comparison of versus State of Cure 

GB-I 35 
GR-I 
GR-I 15 
GR-I 25 

1.0* 
2. 
2.5 
3.0 

-65°F. 
-69 
-69 
-68 

-67°P. 
-67 
-67 
-71 

-69°P. 
-69 
-69 
-71 

-71°F. 
-71 
-71 
-70 

Froa this data it is noted that variation of TR and Eahrittleaent at different 
states of cure is very slight in butyl compounds. Therefore, unless extras* 
conditions in cure rate are encountered, comparisons based on a single eure are 
adequate. 

MC Indicates no cure. 
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TABUS XLVIII.  TR - Temperature Retraction Data 

Temperature data in minus degrees Fahrenheit for percentage retractions (T-5, 
T-1C, etc.) indicated. 

* 
Butyl    Isoprene T-5 T-10 T-2Q T-30 ?-k0   T-50 T-60 T-JO T-80 T-90 

20 3 287°*'. 

GR-1 35 
GR-I 
GR-I 15 
oa-i 25 

1.0 

2^5 
3.0 

% 

86 
87 

82 
8i 
82 
83 

7k      68      63 
7*  69  6k 
76  71  66 
78  72  68 

30 « 28T°F. 

56 
60 
63 
6k 

*5 
5* 
57 
61 

35 
k3 
51 
*5 

19 
33 
k2 
k9 

/2 
12 
23 
33 

GR-I 35 
GT.-I 
GR-I 15 
GR-I 25 

1.0 
2.0 
2.5 
3.0 

87 
86 
87 
87 

33 
82 
83 
8k 

78  72  67 
77 72  68 
78 73  69 
80  lk      71 

k5 « 287°?. 

63 
65 
66 
67 

56 
60 
62 
65 

*5 
5* 
58 
60 

33 
kl 
k9 
5k 

12 
2k 
31 
ko 

GR-I 35 
GR-I 
GR-I 15 
GR-I 25 

1,0 
2.0 
2.5 
3.0 

8? 
86 
87 
87 

83 
82 
83 
86 

77  72  68 
76 72  68 
77 72  6S 
79  7k      71 

60 6 287°F. 

6k 
6k 
66 
67 

59 
61 
62 
63 

53 
55 
58 
61 

kk 
k8 
53 
55 

27 
33 
JH 
kk 

GR-I 35 
GR-I 
GR-I 15 
GR-I 25 

1.0 
2.0 
2.5 
3.0 

n— 
or 
86 
86 
87 

63 
81 
82 
83 

76  72  68 
75  71  67 
75 72  68 
76 72  70 

63 
63 
6k 
65 

59 
60 
61 
63 

52 
5* 
56 
59 

kk 
U8 
51 
53 

26 
3* 
kl 
kk 

I 

i 
• '      ... 

I 

: . 
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Ks  PEROXIDE CURATIVES IH BUTYL 

Formula 

A B c 
OR-1 18 100 = ICO. 100. 
Phiioiftcic E 45. 4?. 45- 
Zinc Oxide 5. 5. 5. 
Butyl Cellosolve Pelargoiuite 10. 10. 10. 
Moaoplex DOS 10. 10. 10. 
2 Ethyl Hexyl Ether 10. 10. 10. 
Captax/^uade 1.5% - - 

(1:2 Slend) 
Dlbenxo CMP - 6. 6. 
Red Lead - • 10. 10. 
Polyac - 1. - 
Sulfur o. 3- 3- 

183.5V 200.  199. 

A. Standard curative - organic acceleration. 
B. Peroxide curative and Polyac. 
C. Peroxide curative without Folyac. 

TABLE XLJX. 

Formula 
2 
Mia. 

4 
Mln. 

6 
Mln. 

MsAjirt" fi g 300% - Pounds per fjaarg inch. 

A 
B 
C 

sc 
75 
HC 

BC 
125 
50 

BC 
«K?0 
275 

BC 
625 
1*25 

BC 
65O 
475 

175 
775 
650 

250 
850 
650 

350 
850 
725 

450 
925 
750 

Tensile g Break - Pounds per equate inch 

A 
B 
C 

BC 
400 
id 

BC 
775 
375 

BC 
1300 
1175 

Elongation g Break - Per cent 

A 
B 
C 

BC 
885 
BC 

BC 
675 
840 

BC 
510 
630 

BC 
1475 
1400 

BC 
475 
545 

BC 
1325 
1500 

BC 
445 
515 

2150 
1200 
1400 

865 
365 
445 

2400 
1350 
1400 

855 
370 
455 

2400 
1375 
1350 

715 
425 
455 

2350 
1325 
1400 

705 
385 
445 

Tear - Pounds per inch 

A 
B 
C 

BC 
51 
BC 

BC 
95 
47 

BC 
139 
116 

Hardness (Shore Duroacter Type A) 

A BC     BC    JSu 
B       30    32   4l 
C       BC    26   35 

BC indicates no cure. 
WADC TR 54-62 

BC 
167 
171 

BC 
43 
42 

BC 
129 
141 

BC 
45 
44 

344 
111 
142 

35 
48 
48 

310 
114 
117 

38 
48 
48 

nnC 

102 
136 

40 
48 
48 

218 
115 
110 

41 
49 
48 

51 
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TABLE L. 

Rebound (Goodyear-Healy) 6o 9 237°F. 
E*>;rlttlement (American Cyanamid-Gravea) 60 @ 287°F, 
TR (k# Retraction - Original Elongation ;*#) 60 8 287°F. 

Formula Rebound Embrittlement TR 

A 6o.o£ OK %  -80°F. -8l°F 
B 60.0 ** -81 -79 
C 57.9 

II -80 -78 

TABLE LI. 

Mooney Scorch: 

MS 9 250^F. 

Minutes 

1 

Foraula 
A. B. 

22 15 13 
2 12 25 14 
3 12 fcS 13 
k 11 33 3-3 
b U 36 14 
6 11 39 15 
7 11 41 15 
8 11 44 16 
9 11 46 17 
10 11 43 18 
11 12 50 18 
12 12 21 
13 12 23 
14 12 26 
15 13 31 
16 13 36 
17 13 40 
18 14 44 
19 1* 47 
20 15 51 
21 16 
22 17 
23 18 
24 20 
25 23 
26 27 
27 30 
28 33 

If the scorch time Is taken as the time required to reach a 
Tisooslty of 5 points greater than the alnimum, then scorch til is; 

A 
B 

¥ADC TR 5*-62 

21 minutes 
2£ minutes 
10 minutes 
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Hft mmvB PIMMM* 

TABLE LII.       TB - T—perature BetractIon Data 

feaperature data In aimw degrees Fataraiuael-t far 3*»reentage retractions (x-10, f-20, 
etc.) indicated. 

* 

Forcula T-10   T-20   T-30   T-V)   T-50   T-60   T-7P   T-80   T-90 

87   86   83   81   77   73    67    57    31 

B 88    86 83   79   7V   67 58 «H 

On 
"I 35 82 78 72 65 5* 35 /3 

Tine limitations on this contract did not perait obtaining Ik data after h weeks 
migratioa at 158°P. 
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L.    HIGH TEMPERATURE (%CO°F.)  PR0CES8IHG 

Formula 

£ 

GR-I 18 
Philblack E 
Polyac 
Stearic Acid 
Zinc Oxide 
Monoplex DOS 
Captax/Tuads 

(1:2 Blend) 
Sulfur 

Remarks: 

C 

100. 100. 100. 
1*0. ko. 4o. 
m o.k o.4 
- 0.4 0.^ 
5. % 5. 

25. 25. 25. 
1.54 1.5* 1.5* 

2. 2. 2. 

173.5*  17*.34  17^.3* 

On A and B the preparation and handling of batches was exactly as 
described in this report in the section "Testing Methods and Procedures." Discharge 
temperatures of the batches frca the Banbury mixers ware 220-230°P. 

Formulation for C is Identical to B the difference between these two 
being in mixing. Method of handling C follows: The initial six consisted of a 
masterbatch which was processed in the Banbury at high temperature. Formula for 
this masterbateh is: 

GR-I Id 100 or 80 
Philblack E 50 4o 
Polyac 0.5 O.k 
Stearlc Acid 0.5 O.k 

This batch was mixed in the laboratory Banbury for 10 minutes after 
batch temperature had reached 400°F. Overall mixing time for this batch was IS 
minutes. Stearlc Acid was added just before batch discharge in order to assist 
in lubrication and prevent sticking while resheeting. After two houru for cooling, 
the batch was reailled, again in th# Banbury, but in this step at normal processing 
temperatures, 200-220°F. In this step, additional GR-I IS was added in order to 
reduce black content from 50 parts per 100 GR-I 16, the concentration used in the 
hot mix, to kO parts per 100 GR-I 18 which is the concentration in the final mix. 
At this stage plasticizer and sine oxide were added. After allowing two to four 
hours fee cooling the batch was finished by regular procedure, that is, sulfur 
and accelerator added on 6 x 12 mill. It should be mentioned that the above 
method of processing butyl rubber is on recommendations supplied by Esso 
Laboratories. This method of processing purported to result in improved physical 
properties. 

5k 

1 
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TABLE LIII. • 

/omuls 10 Min. 20 Min. 30 Mia. *5 Min. 60 Min. 

Modulus g 300^ - Pounds par square inch 

• 

* • 

A 
B 
C 

25 
100 
50 

200 
325 
*00 

Tensile 3 Break - Pounds per gSBgggg inch 

A 
E 
C 

825 
1575 
425 

2725 
21*50 
2075 

•Elongation 9 Break - Per cent 

A 
B 
C 

865 
900 
1115 

Tear - Pounds per inch 

A 
B 
C 

1*1 
I87 
*1 

875 
750 
660 

350 
•1.1. 

232 

Hardness (Shor«; Durcaeter Type A) 

A 
B 
C 

30 
32 
25 

36 
37 
3* 

325 
525 
625 

2775 
2*50 
2175 

775 
665 
550 

35* 
318 
2*8 

39 
*1 
38 

*50 
600 
775 

2850 
2625 
2275 

730 
630 
5*0 

25* 
292 
216 

*1 
*2 
*0 

Rebound (Test piece 2" x 1" x 1") cured 60 Min. 6 287°*'. 

 j Rebound  

525 
725 
900 

2750 
2325 
2200 

665 
560 
*95 

258 
195 
202 

*2 
*3 
*1 

Shore Hardness* 

g Hooa Teaperature  g 212°P.  Q Rotaa ?#m>.   9 212°?. 

A 
B 
C 

55.** 
57.9 
59.0 

76.3* 
76.9 
77.5 

*2 
*2 
*0 

*2 
*0 

37 

ft   : 

* This data obtained on 2" x 1" x 1" blocks. Shore Hardness on thicker test 
pieces is usually a point or sore lover than tlie data obtained on tensile sheets. 
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TABLE LTV. 

Physical Propertlea at 212°F. 

Formal*     10 Min.     20 Mia. 

Modulus 8 300$ - Pounds per square inch 

30 Min. 

200 
250 
275 

k5 Min. 

300 
375 
l»25 

60 Min. 

A         25        125 
B         75         200 
C        -        175 

350 
*75 
575 

Tensile 8 Break - Pounds per square inch 

A 
B 
C 

300 
*75 

975 
975 
750 

925 
825 
725 

575 
700 
675 

575 
675 
700 

Elongation 3 Break - Per Cent 

A 
B 
C 

900 
1000 

950 
795 
615 

Tear - Pounds per inch 

770 
585 
475 

vro 
*15 
380 

350 
325 

A 107 134 138 126 135 
B 129 155 150 117 130 
C * 120 U3 133 101 

WADC TR 5Jt-& 56 
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TABLE LV. 

Rebound (Goodyear-Healy) 60 6 2Sq°V. 

Enbrittlessst (American Cyanimld-Oraves) 60 9 2&J°F, 

TR (10# Retraction - Original Elongation 50*) 60 9 287°F. 

Formula. 

A 
B 
C 

Rebound 

55.ty 
57.9 
59.0 

Eahrlttlenent 

OK @ -71°F. 
-71 
-76 

TR 

-73°*- 
-75 
-76 

TABI£ LVI. TR - Teaperature Retraction Data 

Teaperature data In alnus degrees Fahrenheit for percentage retractions (T-l, T-2, 
etc.) indicated. 

•• 

i 

\ 

* 

Poraula T-l T-2 T-3 T-5 T-10 T-20 T-30 T->tO T-50 T-oO T-70 T-90 T-90 

A 88 86  82  78  73  69  65  61  5^  33 

o -  - - 88 86  83  80  75  71  67  62  55  **0 

c 88 87  83  81  76  72  67  63  56  kl 

TR - Teaperature Retraction after k weeks algratlon # 158°P. 

A 66  85 81 78 71 

B        88 86 82 7* 

C        86 85 81 7* 

62 56 5* Vf *3 36 27 0 

66 61 57 5* HB *3 35 18 

66 61 57 55 *9 Mi 36 22 

* 
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M.    TOLATILTTT OP PXASTICiZERS 

'/ABLE LYII. 

Data indicates per ceat of plasticlser lost or volatilized under conditions 
indicated. 

Plastic izer Cojggunded Stock 

Plasticizer    5 Hours g 325°?.   70 Hours g 212°F. 

15    20   ?5    30   15 
Farts Plasticizer 
Per 100 CB-I 18 

Form 1*0 Oil ^5-9% H6.'i$ 39.0* te.n - 

C. P. Hall 3890-A 7.2 - 10.5 10.8 10. k 

Adlpol 2 EH 22.2 m 53.6 *5.3 3M 

10-A Plastlcizer 17.1 - 39A 39.9 27.0 

M 2 Ethyl Hexyl Ether 99.1 - ke.k Vt.5 - 

Trioctyl Phosphate 39*1 - W.5 29.7 - 

Butyl CellosolTe 
Pelargonate 96.2 - *H.2 39.6 - 

Butyl Carbitol 
Pelargonate 96.4 tm 68.6 *5.5 - 

Diisobutyl Azelate 98.8 - 65.5 78.1 - 

Itonoplex DOS 5.5 0.0 0.0 

Hexyl Ether 100. 21.1 25.1 

Compounded stock for volatility tests cured 60 6 287°F. 

kQ Hours g 300°F. 

20   25    30 

83.2* dk.1%   87.1% - 

76.8 95.^ 86.7 

97-7 93.7 97.0 

98.8 95.7 7J«U 

77.2 66,6 

71.8 75.1 

88.6  88.0 

85.5 70.2 

83A 90.0 

U3.-2 lt6.lt 

2V.1 30.7 

VADC TR 5^-62 58 

,.<v...t»>.*-.; \* %****ea£K^-^^^ige^ximu«mmmaw£M»> Msi^m^^r^w^i^mPMX-^a^t^^.-. .aw*r. 



H.    MKBATIOH OF PLASTICIZERS 

TABLE LVIII 

Migrwiiv^ teag>eratu?e 158°F, 
Aw* oT te8t piece 2" x 1" 
Migration pressure Llogram/sq. in. 
Cure of otock 60 »i 287°F. 
Data shorn $ plasticizer lost through migration after number of d«y»  indicated. 

Parts 
m PER 100 

Plastlciser                     QR-I 
Das '£ Migration 

1 2 i- » I_ ii. ZL M- 

3* 
| 

Forum 40 Oil 
II                        II          M 

n               ii      •» 

15 
20 
OK —• 

ik.6% 
l?.6 
IS.6 

22.8* 
17.2 
25.7 

27.6* 
21.2 
29.8 

32.2* 
2p.l 
33.9 

41.9* 
31.7 
43.9 

51.0* 
44.6 
57.1 

56.0* 
48.1 
61.8 

57-9* 
49.9 
64.0 

>. 

C. P. Ball 3890-A 
n      n         c           - 
a      n          it            11. 

20 
25 
30 

9.* 
15.1 
7.1 

27.1 
27.9 
10.8 

32.8 
31.8 
16.2 

26.0 
36.1 
18.8 

48.7 
51.2 
24.8 

60.5 
62.7 
44.0 

62.2 
68.7 
48.3 

62.4 
70.0 
53.4 

* 

Adipol 2 EH 
n                 n 

20 
25 
30 

14.8 
23.9 
17.2 

25.8 
32.8 
35*S 

35.0 
41.8 
45.8 

45.5 
47.8 
52.1 

59-3 
58.5 
63.O 

71.3 
71-1 
72.4 

78.O 
74.6 
74.0 

80.0 
75.5 
74.4 

1 10-A Plasticizer 
11                     n 

n                     n 

20 
25 
30 

23.8 
17.8 
22.0 

33.8 
29.1 
30.1 

42.0 
36.0 
33.9 

47.4 
4o.5 
40.2 

58.9 
53.7 
49.7 

70.0 
63.7 
57.2 

73.8 
68.4 
60.7 

74-5 
69.0 
62.0 

i. 91 2 Ethyl Hexyl Eth*r 20 
11       11       11                i!                 n             »j£ 

9.5 12.7 14.6 
13=2 

15.1 
14,1 

14.8 
14.1 

14.4 
13.3 

12,6 
11.7 

11.4 
10.6 

HjRfc Trioctyl Phosphate 
n                       11 

20 
25 

11.7 
15.8 

22.7 
28.1 

27.3 
32.5 

32.1 
36.7 

42.0 
47.6 

55.0 
58.5 

60.2 
63.O 

61.4 
64.0 

?    , 
Butyl Cellosolve 

Pelarg. 
11                «            11 

20 
25 

8.5 
8.5 

10.3 
11.* 

11.0 
12.3 

11.3 
12.9 

10.5 
12.8 

8.7 
12.3 

6.8 
13.3 

5.5 
9.9 

|   1 Butyl Carhltol Pelarg 
ti                  it              ti 

. 20 
25 

10.1 
u.i 

13.5 
15.1 

14.6 
16.6 

15.1 
17.4 

15.2 
18.3 

17.6 
18.4 

13.6 
18.0 

12.6 
17.4 

: * 
Diisobutyl Aselatc 

11                       n 
20 
25 

19.2 
22.2 

27.3 
30.6 

31.5 
34.0 

33.8 
36.0 

36.8 
37.8 

37.1 
37.5 

36.O 
36.5 

34.8 
35*4 

11 Monoplex DOS 
ti            ti 

20 
25 

16.7 
16.7 

23.0 
20.9 

25.2 
23.5 

27.5 
27.5 

41.3 
41.8 

54.6 
68.5 

62.5 
73.0 

66.5 
74.6 

Hexyl Ether 
tl                         K 

20 
25 

18.1 
18.0 

20.1 
20.0 

20,5 
20.6 

20.5 
20.6 

10.5 
18.9 

17.7 
18.1 

16.8 
17.5 

16.3 
17.3 

goffer        -^i WADC TK 54-62 
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0. MIGRATION, EFFECT OF OS LOW TEMPERATURE PROPERTIES 

TABLE LVIX. 

Plastici«er 

Forum 40 Oil 
ii    n  ii 

n    II  II 

Migration 
Loss <£ of 
Plasticizer 

Parts P 
SHC 

er 100 Embrittlement OK 
© °F.       TR °F. 

1 Before 

15 
20 
25 

After 

9.5 
11.8 
14.0 

Before 

54 
62 
62 

After 

56 
53 
56 

Before 

57 
58 
61 

After 
1 

1 
36.7 
4l.O 
44.4 

55 
56 
56 

1 
1 

C. P. Hall 3890-A 
••     n      n 

56.8 
61.6 

20 
25 

8.6 
9.6 

54 
72 

53 
53 

67 
70 

53 
53 

! 
Adipol 2 EE 

n      ti 
56.2 
56.6 

20 
25 

8.8 
10.9 

72 
72 

53 
53 

71 
72 

58 
58 

10-A Plastieis*r 
H               It 

51.8 
57.4 

20 
25 

9.6 
10.7 

72 
74 

56 
56 

74 
72 

58 
58 

- Bi 2 Ethyl Hexyl Ether 
11  11  it     ti      n 

30.0 
27.4 

20 
25 

14.0 
18.2 

78 
76 

56 
56 

76 
74 

s6 
53 

1 
Xrioctyl Phosphate 

n        ti 
67.O 
69.2 

20 
25 

6.6 
7-7 

63 
76 

56 
56 

70 
72 

54 
56 

Butyl Cellosolve Pelargonate 
n        11            a 

39,0 
HA 

20 
25 

12.2 
14 

72 
78 

56 
53 

74 
77 

56 
56 

Butyl Carhltol PelaigonaU: 
n        n          n 

50.7 
52.8 

20 
25 

9.9 
11,8 

72 
76 

56 
56 

67 
67 

58 
60 

'- 

Diisobutyl Aselate 
ti        n 

56.4 
56.8 

20 
25 

8.7 
10,8 

72 
72 

56 
56 

66 
68 

62 
60 

• 

Monoplex DOS 
n       n 

56.O 
83.2 

20 
25 

8.3 
4.5 

67 
72 

62 
62 

70 
73 

60 
60 

- 
Hexyl Ether 

M        ii 
8.9 
13^6 

20 
25 

18.2 
21.6 

71 
74 

53 
56 

72 
72 

54 
56 

Bo plasticizer 45 Rtt 45 

Mote: Migration tests on 6" x 6" tensile sheets. It will be noted that migration 
loss on 6 x 6 sheets fails to agree vita the dais obtained on 2" x 1" 
pieces, data on vhich is Known in Section H. 
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